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This study evaluated the ability of three orthodontic debonding techniques to remove
brackets from ceramic veneers without creating veneer damage. It also evaluated the intra-
pulpal temperature changes produced by electrothermal debonding. A sample of 96 extracted
maxillary first bicuspids were prepared and restored with Mirage™ ceramic veneers. Veneer
buccal surfaces were etched with 2.5% hydrofluoric acid prior to silane application and
bracket bonding. Specimens were thermocycled prior to debonding. All debonded specimens
were examined under x20 magnification for veneer damage. Renioval of metal brackets via
electrothermal debonding produced ceramic damage in 13% of cases, and elevated
temperatures beyond the threshold of irreversible pulpal damage (5.5°C) in 46% of cases.
Howe plier and LODI bracket removal are associated with ceramic damage incidence of 21%
and 35% respectively. Results suggest that electrothermal debonding provides predictable

debonding of ceramic brackets with no veneer damage and minimal risk to the pulp.
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1.1 INTRODUCTION:

Patients with excessive overjet have a significantly greater risk of receiving a traumatic
insult to the dentition. Lee-Knight ef al.' and Bell et al’. reported that the age group at
greatest risk of dental injury was between six and twelve years, the same group most often
seeking orthodontic treatment. Proffit® stated that there is about one chance in three that a
child with an untreated Class II malocclusion will experience significant trauma to upper
incisors. This often results in crown/root fracture and/or pulpal devitalization. Alexander*
reported that maxillary anterior teeth are susceptible to injury in most Class II Division 1
cases because of their protrusion. Of these injuries, approximately one-third are a resuit of
participation in contact sports, with the remainder being a direct result of other trauma.
Typical injuries involve fractured teeth, requiring placement of a permanent restoration. The
restoration of choice often will be a ceramic veneer, covering the entire labial surface of the
clinical crown and replacing missing tooth structure. Subsequent orthodontic treatment has
traditionally had problems in bonding brackets to ceramic surfaces. The traditional method
of dealing with such situations involving crowns was to place a fitted band around the
restoration. This was not only time consuming and unacceptable to patienis, but required
interproximal band space closure, extending treatment time. However, advances in bonding
materials have introduced organosilane surface primers making possible clinically acceptable
and predictable bonds to ceramic without mechanical preparation.® Eliminating mechanical
preparation of the surface reduces the risk of microcrack formation within ceramic veneers.
However, achieving satisfactory bond strengths for orthodontic treatment may result in

ceramic fracture upon debonding.
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Although many previous studies®'* have examined bond strength and debonding
techniques involving orthodontic brackets and ceramic fused to metal crowns or fixed bridges,
few have studied the effect on ceramic veneers. The purpose of this study was to evaluate
and compare the differences in debonding orthodontic brackets from ceramic veneers among
three techniques: Howe pliers, lift off debonding instrument (LODI)(3M Unitek, Monrovia
CA), and electrothermal debonder (ETD™)("A" Company, San Diego CA). Of particular
interest will be veneer damage from three debonding techniques and pulpal temperature

changes due to ETD™.

1.2 STATEMENT OF THE PROBLEM:

Ceramic veneers are fabricated to a maximum thickness of 0.5 mm. Although
orthodontists would like to obtain a reliable bond to ceramic veneers during the treatment
phase, they (along with the patient) would like to ensure that bracket removal can be
accomplished safely without veneer damage. Practitioner and patient satisfaction is reduced
considerably in the event that a ceramic veneer is damaged during bracket removal.
Practitioners must be aware of the potential thermal damage of pulpal tissue when

electrothermal debonding techniques are used.
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1.3 RESEARCH QUESTIONS:
Research questions to be investigated:
Does mechanical bracket removal from ceramic veneers result in veneer damage?
Does ETD™ of orthodontic brackets from ceramic veneers result in veneer damage?
Does ETD™ of orthodontic brackets produce less veneer damage than mechanical removal?
‘What temperature increase is the pulpal tissue exposed to during electrothermal debonding

of orthodontic brackets from ceramic veneers 7

14 HYPOTHESES:

KE1: There is no difference in the incidence of veneer damage resulting from the debonding
techniques used for ceramic or metal brackets.

H2: There is no difference between the intrapulpal temperature produced by electrothermal

debonding metal or ceramic brackets.
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1.5 LITERATURE REVIEW:

1.5.1 Ceramic Veneers
Indications

Ceramic veneers have been used as restorations of choice in many clinical situations
over the past decade.'® Where good tooth structure remains but some color, contour or
incisal length changes are desired, the ceramic laminate veneer is an outstanding esthetic and
restorative choice.!” Indications for placement of ceramic veneers ificlude: discoloration,
enamel defects, diastemata, malpositioned teeth, malocclusion, poor restorations, aging, wear
patterns, and agenesis of lateral incisors treated by cuspid substitution.'® Veneers may be in
place for any number of reasons when patients present for orthodontic treatment. Esthetics
provided by these biocompatible restorations are excellent, as are strength properties.
Although the veneer itself is rather fragile, once luted to enamel it has high tensile and shear
strengths. Both patient and practitioner find them appealing because of the conservative

nature of tooth preparation required by these restorations.

Tooth Preparation

Optimal conditions would permit veneer placement with no tooth preparation while
maintaining good esthetics and without compromising periodontal conditions. However,
since this cannot be achieved, a minimum amount of enamel reduction is required. A
standardized method of tooth preparation for veneers should be followed to achieve optimal

results. The rationale for enamel preparation has been outlined as follows:

MMMBIWM: Effect on Ceramic Veacers and Dental Pulp Chupter One



6

> to provide adequate dimension of space for ceramic, opaquing and resin materials
> to provide for a path of insertion

> to provide a definite seat to help position the laminate during placement

> to prepare a receptive enamel surface for etching and bonding the laminate

> to facilitate sulcular margin placement in severely discolored teeth.’

Sheets and Taniguchi'® recommended routine enamel reduction in preparation for
ceramic veneers. However, they recommend that only the margins of the preparation be
polished and that all internal portions be left roughened for maximum bond strength. This
may include depth cutters of 0.3 mm or 0.5 mm (LVS-1 or LVS-2, Brasseler Laminate
Veneer system Set 4151, Brasseler Canada, Montreal, PQ.}, which is adequate to allow for
bulk of restorative material while staying within the enamel layer. A chamfer margin is
gencrally accepted as appropriate to ensure adequate marginal ceramic thickness, and is
obtained with a two-grit diamond stone (LVS-3 or LVS-4). Margins of the preparation are
polished with'a 12-fluted bullet-shaped finishing bur (Brasseler H283K016).

Technical fabrication of accurately fitting veneers is extremely difficult in situations
where a definite seat has not been established by extending the restoration over the incisal
edge or where ceramic thickness measures less than 0.3 mm. In a photoelastic study of
veneer tooth-preparation designs, Highton et al. reported incisal coverage of 0.5 mm results
in lower concentrations of stress. This incisal coverage was also advocated in a study
reviewed by Stacey.”

Andreasen et al.?® described a method of restoring-crown fractured incisors with

ceramic laminate veneers. These incisors were restored following one of three conditions:

Mechanical and Electrothermal Debonding: Effect on Ceramic Veacers and Deatal Pulp Chapter One



7
1) after having the crown fragment reattached with dentin bonding agent; 2) after a composite
build-up; or 3) no treatment. Their finding was that all three methods exceeded the fracture
strength of intact incisors. The greatest fracture resistance occurredwhen a Dicor laminate
veneer aloie was used to restore the fractured incisal edge.

Key to obtaining an accurately fitting veneer is a satisfactory impression. Final
impressions should be obtained by using two viscosities of impression material held in a rigid
custom tray for greatest accuracy.” The light bodied material is syringed into the sulcus and
over the entire preparation. Heavy bodied material is then transferred to the mouth in the
stock tray and placed over the light bodied material and prepared tooth/teeth. The impression
material should have a high tensile strength as well as accuracy.'®

Tooth preparation for ceramic veneers is conservative enough that temporary

restorations are very rarely, if ever required.

Veneer Fabrication

Two contemporary laboratory techniques for fabrication of ceramic veneers include
the refractory investment technique, and the platinum foil technique. Sheets and Taniguchi*!
conclude that a multi-die (refractory investment) technique produces the best result. Multiple
restorative technique completion is possible on one master cast. Marginal accuracy is
improved due to better visibility and access during fabrication, and it is easier to establish
suitable crown contours. Ceramic firing time is reduced and it allows direct adjustment of
fired ceramic to a desirable contour. Sorensen ef al.2 reported improved vertical marginal

adaptation with platinum foil compared with the refractory die technique. Both techniques
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resulted in overcontoured veneers, with those produced by refractory die technique being
much more so. The gap discrepancy with the refractory die technique was attributed to
marginal abrasion from the aluminum oxide used to remove the refractory die material from
the ceramic veneer. Microleakage at the tooth-composite resin interface was universal, while
that at the ceramic-composite resin interface was negligible. The clinical quality of ceramic
veneers placed by general practitioners has been found to be satisfactory in 99% of cases, and
excellent in one third of those.”

Garber'® has reported that finishing and contouring is accomplished with a series of
medium and ‘fme grit diamonds to gain optimal shape and contour prior to glazing. The

glazing process seals any microporosities and achieves a more natural luster.

Guidelines for Bonding Veneers

A standardized protocol for tooth conditioning has been previously published, and is
followed by most bonding studies.* Exposed enamel receives a 15-second rubber cup
prophylaxis followed by rinsing and drying with water and air spray. Teeth are etched with
a 37% orthophosphoric acid gel for 15 seconds, rinsed for 30-seconds, and then dried with
an air syringe. Any tooth that did not display a uniformly etched surface is re-etched.

A low viscosity microfilled composite resin is the bond material of choice since it
allows complete seating of the veneer, and produces a stable, highly polishable, stain-resistant
margin.’® Once fully seated the veneer is exposed to polymerizing light. This is accomplished
in segments, curing each labial quadrant and then the center of the labial surface. Final

polymerization occurs from the incisal and interproximal aspects of the lingual surface. Dual
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cure materials assure a complete polymerization process but may slightly discolor with time.'®
Nathanson'® noted that complete polymerization of the composite resin is another essential
requirement for obtaining a good bond between the tooth and ceramic. Tay et al”. found that
running a fine sable brush moistened with bonding resin over the margins removes excess
luting resin, seals the gap, and produces a smoother more polishable margin. Minimal
finishing is required if margins fit precisely and excess bonding material has been thoroughly

cleaned away.
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1.5.2 Orthodontic Bonding

Buonocore?® introduced the concept of acid etching with orthophosphoric acid,
producing an alteration of the enamel surface to which dental resins could adhere. Resins
evolved from cyanoacrylate, epoxy, and acrylic to bis-GMA, and finally the composites of
today. These include two-paste, powder-liquid, one-paste (no-mix), light-cured systems.
Contemporary use of acid etching in restorative dentistry includes conditioning of both
enamel and ceramic surfaces. A COmMmON Ceramic etchant is hydrofluoric acid in gel form,
ranging in concentration between 2.5-9.6%. Zachrisson and Buyukyilmaz'® identify that
etchant creates microporosities on the ceramic surface that achieve a mechanical interlock
with the composite resin. Etched ceramic has a frosted appearance similar to that of etched
enamel They suggest that optimal bonding of orthodontic brackets to ceramic surfaces may
be obtained by deglazing the ceramic surface by sandblasting with 50 pm aluminum oxide for
2.4 seconds, followed by etching with 9.6% HF acid gel for 2 minutes. Two or three coats
of a silane ceramic primer are applied prior 0 bonding with a highly filled bis-GMA.

Stangel et al.¥ described techniques relying on 2 hydrolyzed silane coupling agent to
bond orthodontic brackets to ceramic restorations. Silane products are commercially
available in both hydrolyzed and non-hydrolyzed states. The process of hydrolysis activates
the silane and prepares it for chemical and mechanical interaction with the ceramic surface.
With a non-hydrolyzed silane agent (Ormco® Ceramic Primer), etchant (phosphoric acid from
the composite bonding kit) activates the silane, hydrolyzing it to interact with the ceramic
surface.

Hydrolyzed silane systems (Scotchprime?®) are less stable in the container and shelf life
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is shorter. If used after it has become inert, it may result in bond failures. This system
involves the application of three layers of hydrolysed silane on previously etched, washed, and
dried ceramic for approximately two minutes. Organosilane will initially hydrogen bond to
the ceramic mineral surface prior to developing a permanent covalent oxane bond. A non-
filled resin primer is-applied to the ceramic surface over the silane layer. Filled composite

resin is applied to the bracket base and positioned.
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1.5.3 Dental Ceramic
Ceramic Veneers

Nathanson'® noted that processed dental ceramic has a high compressive strength, and
is completely non-ductile and brittle. Inherent in the manufacturing process of dental ceramic
is the production of surface irregularities and subsequent reduction in tensile strength. These
surface irregularities, though microscopic in size, cause stress concentrations. Defective
ceramic subjected to tensile stresses may develop larger cracks by the mechanism of crack
propagation. This may ultimately lead to failure as a brittle fracture.

Although research has evalvated bonding orthodontic attachments to ceramic denture
teeth and crowns, the effectiveness of bonding to thin ceramic veneers has received minimal
attention.® The composition of dental ceramic differs between restoration designs. 19 Denture
teeth are composed of high-fusing dental porcelains, making them much more britde and of
lower strength than the alumina-reinforced ceramics employed for veneers.?® This places the
results of bonding studies using denture teeth in question.

A common problem encountered in bonding to ceramic has been the development of
inadequate bond strength.”® Ceramics used in restorative dentistry are a mixture of fine
particles of quartz and feldspar. Quartz provides strength and acts as a filler within a matrix
of feldspar. Calamia er al.* concluded that the feldspar type of ceramic produces bond
strengths much greater than the aluminous type. Bailey demonstrated that the chemical
nature of dental ceramic is modified by hydration, resulting in lower bond stfengths than non-
hydrated samples.

Kao and Johnston™ stated that retention and mechanical support of ceramic veneers

Mechanical and Blectrothermal Debonding: Effect on Ceramic Veacers aad Degtal Pulp Chapter One
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is a direct function of how well the resin penetrates the ceramic etch. Any reduction in
retentive "tags” of the bonding resin may reduce both the bond of veneer to etched enamel
and the strengthening effect of veneer by the underlying resin. Based on the findings of
Griffith, they proposed that veneer fractures arise from fine flaws in the surface of the
material. These flaws may be accentuated during handling of the veneer in the laboratory or
at clinical try-in and cementation. Thermocycling may also introduce flaws due to differing
coefficients of thermal expansion for ceramic, resin, and enamel. Although such flaws may
not be detectable clinically, they may become evident when stresses are applied, such as
during debonding. High-alumina ceramic (Vita®, Bad Stickingen, Germany) is particularly
susceptible to fracturing if its surface has been roughened, as compared to the feldspathic

ceramic veneers.'

Ceramic Brackets

Eliades et al.® presented a polarized-light photomicrograph of a Starfire® ("A"
Company, San Diego CA) bracket base to illustrate the appearance of (Griffith) flaws arising
from the manufacturing process. Critical stresses arise locally at the surface flaws when
ceramic is subjected to sufficiently high loading which exceeds the cohesive strength of
aluminum oxide.

Birnie.* noted that ceramic material used in orthodontic brackets is alumina, either
in polycrystalline or monocrystalline form.® The advantages of using alumina for orthodontic
" brackets is that appearance is very good, and is both hard and strong. The disadvantages

include its lack of ductility and its expense and difficulty related to manufacturing.
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Monocrystalline brackets are machined from extrusions of synthetic sapphire. Polycrystalline
alumina brackets, by contrast, are made by injection moulding submicron-sized particles of
alumina suspended in a resin, sintering them (to fuse the alumina) and machining to produce
the final bracket. Difficulties in the use of ceramic brackets arise from their brittleness and

their hardness, producing either enamel cracks or fractures when debonded.
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1.5.4 Etching (Effectiveness)

Etching the veneer inner surface provides not only retention, but also reinforcement.
Bonding resin provides considerable retention and simultaneously protects ceramic from
cracking and fracturing under tensile stresses. Polymerization shrinkage of resin (a property
inherent in most polymers) stresses the thin ceramic in a direction that reduces the chance of
crack formation and propagation.'® Early ceramic etching consisted of either a 15-minute
etch with a 10% hydrofluoric acid or a 20-minute etch with a commercial preparation
(primarily diluted hydrofluoric acid).” More recent methods have revealed that the most
retentive pattern results from refractory processed ceramic treated for 2.5 minutes of etching
with Stripit solution (Keystone, Philadelphia, Pa.). Stripitis a commercial HF acid substitute,
consisting of HF/sulfuric acid in water (30%). Hsu et al.* found the combination of ceramic
etching and silane has a cumulative effect, producing bond strengths of 24.14 MPa. By SEM
examination of the ceramic/resin interface, Nathanson'® found the existence of a gap at the
interface when ceramic was not etched. This is best explained by the polymerization
contraction of resin. Silane treatment caused a narrowing of the gap, apparently because of
improved chemical attraction between the silanol group and the ceramic. In cases where
ceramic was etched, the silane-treated groups were observed to have no gap present, and
resin seemed to have filled all ceramic defects. Calamia et al.** found that ceramic etch time
producing the greatest bond strengths was 2.5 minutes, and that feldspar type ceramic bonds
were considerably stronger than aluminous type. Results showed a composite-ceramic bond

stronger than typical composite-enamel bond strengths.
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1.5.5 Bonding to Ceramic

As demand for adult orthodontic treatment increases and the popularity of esthetic
dentistry expands, orthodontists are more likely to be faced with the problem of placing
orthodontic appliances on teeth previously restored with resin and ceramic fixed prostheses,
including crowns, bridges, and veneers® As a result, orthodontists need to acquire more
knowledge about bonding to non-enamel surfaces. In the past these teeth have been managed
orthodontically either by banding, or placement of a temporary acrylic restoration since glazed
ceramic surfaces were not amenable to resin penetration.*® Although these compromised
methods are satisfactory for crowns, they may be inappropriate for use with restorations as

thin as ceramic veneers.

Deglazing

When ceramic glaze is removed and silane primer applied, it has been demonstrated
that average debonding forces are comparable to that of acid-etched enamel bond at 24
hours.® Ghassemi-Tary® suggested deglazing be accomplished with a sandpaper disk.
Solomon et al.* reported deglazing methods as including sandblasting, roughening with a
diamond, etching with 9.6% hydrofluoric acid, and a combination of the latter two methods.
The most effective treatment for ceramic repair was the combination of mechanical and
chemical means. Highton et al.” reported that abrasive coarseness has an effect on the degree
of retention, with a coarse diamond yielding the best results. However, for orthodontic
application, removal of the ceramic glaze may lead to greater damage to ceramic during the

debonding procedure. Wood’ found that bond strength increases significantly by roughening
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the ceramic surface before bonding, adding ceramic primers, and using highly filled resins.
However, these processes also caused a progressively greater risk of ceramic fracture during
debonding. Thus, mechanical roughening appears unfavourable since it induces microfractures
in the ceramic that render it more prone to fracturing upon debonding. Eustaquio et al.’® also
found that deglazed specimens appear to be more vulnerable to ceramic fracture. This was
attributed to increased mechanical retention and surface area for adhesion or microcracks
introduced when grinding off the glaze. Nicholls' reported that increasing acid etch time of
ceramic resulted in a proportional increase in bond strength. Zachrisson and Buyukyilmaz"
reported that etching of glazed ceramic produces less prominent micromechanical patterns
than etching of ceramic roughened by aluminum oxide sandblasting. However, intraoral
sandblasting is preferable to grinding with a green stone, which could produce microcracks.

Nebbe and Stein*® demonstrated that shear peel bond strength was greater for brackets
bonded to glazed ceramic, and that ceramic fractures were associated with deglazed sample

at a rate twice that of glazed samples (71% versus 36%).

Silane
Research into adhesive systems has made it possible to achieve direct bonding to

surfaces such as ceramic with much more confidence of achieving clinical success. Wood et
al.” found that the use of a ceramic primer before bonding with bis-GMA adhesives resulted
in shear strengths comparable to those achieved with conventional acid-etch enamel bonding
when the same resin was used (13.6 MPa). Clinically acceptable bond strengths of 6-8 MPa

are now possible with the use of organosilanes, without mechanically removing the glaze
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(with rotary instrumentation) from the ceramic.® Hsu et al>* demonstrated that bond
strengths were substantially increased by etching ceramic followed by application of silane
bond agent. Stacey' found in a study of ceramic veneers that silane treatment of etched
ceramic elevated the ceramic/composite resin cement bond strength 2.7 times over the non-
silane treated samples. This difference was further magnified to sevenfold following a
thermocycling process. Despite the predictable bond strengths of resin/silane to ceramic, it
is ultimately necessary to remove orthodontic brackets from the teeth. The higher the mean
shear bond strength, the greater the incidence of ceramic damage.’

Silane (gamma-methacryloxypropyl-trimethoxy silane) is a bifunctional molecule. One
end is a hydrolysable, reactive silanol group that can react/bind tenaciously to an inorganic
substrate (dental ceramic), while the organofunctioning groups of the molecule react with the
adhesive (acrylic resins) and polymerizes, producing a cohesive bond with the resin material.”
The portion of the silane molecule that is not adsorbed presents a surface that facilitates
interaction with restorative material.**’

Major et al® discussed the latest generation of bond agents, including an
organosilane, biphenyl dimethacrylate (BPDM) resin, and NTG-GMA bond accelerator. The
combination of BPDM & NTG-GMA increases the wettability of ceramic and accelerates
curing of the overlying composite resin. Organosilane initially forms weak hydrogen bonds
to the mineral surface of ceramic, but over the first 24 hours bonds develop and stabilize. It
is important to note that water can interfere with the ability of silanol to form an oxane
linkage. In addition, resin must be able to set undisturbed to avoid weakening.

Eliades et al.**! suggested that the mechanism of action for silane is due to activated
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silanol groups adhering to the hydration layer of alumina crystals via hydrogen bonding, while
methacrylate groups react in a second step with the adhesive resin, forming covalent bonds.
As a result, the propensity for primary bonding between the silane molecule and the adhesives
is substantially increased. In their study of ceramic brackets bonded to enamel, the
combination of micromechanical retention and silane treatment of the brackets produced the
highest bond values, even after thermocycling.

The chemical bond formation between ceramic and resin is dependent on the
occurrence of a series of events:
1/ hydrolysis of organosilane to form an organosilanol
2/ initial formation of oxane linkage
3/ condensation reaction to form permanent oxane bond.?
Nicholls" reported that the silane layer is susceptible to moisture contamination, thus a dry

storage condition for veneers is required if a delay exists between silane application and

cementation.
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1.5.6 Bond Strength
Reynolds* classified the two major polymers used in direct bonding as i) acrylic
resins, and ii) diacrylate resins. Acrylic resins consist of methyl methacrylate monomer and
ultrafine polymer powder, and may be either filled or unfilled. Normal activation occurs by
conventional tertiary amine-benzoyl peroxide curing. Although coefficients of thermal
expansion for these materials may be ten times that of the tooth, the film thickness used to
bond orthodontic brackets is so small that any resultant effect is minimized. Diacrylate resins
(including) bis-GMA, combine acrylic's setting versatility and epoxy's strength and stability.
Joseph and Rossouw*? found that brackets bonded with heavily macrofilled resin
(Concise®) and those bonded with lighter microfilled resin (Heliosit®) produced a shear bond
strength that is greater than that considered clinically acceptable. Viazis et al.** found no
difference between the mean shear bond strengths of Concise (conventional chemical cure)
and Transbond (light-cured). Ostertag et al.*® found a trend toward increased bond strength
with increasing filler concentration for bonded ceramic brackets. Inorganic fillers are added
to bonding adhesives to reduce the coefficient of thermal expansion toward that of enamel
(thus reducing shrinkage), and to improve flexural, tensile, and compressive strengths.4°
It has been found that bonding metal brackets with a highly filled resin (Phase II®) results in
a shear strength approximately twice that of a lightly filled resin (Endur®).”#® This was
independent of the ceramic surface preparation or bonding agent used. Kao et al.® determined
that highly filled resin (Concise®) required 50% greater debond force than lightly filled resin
(Unite®). Buzzitta et al.*’ reported similar findings with both plastic and ceramic brackets.

Major et al.’ found that Phase II® and Rely-a-Bond® were both effective when used with
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Ormco® Ceramic Primer®, but especially effective with Scotchprime®. Klockowski et al®
observed a trend of deterioration in bond strength following thermocycling for Rely-A-Bond®
compared to glass jonomer cements. However, Rely-A-Bond® provided the strongest bond
with and without thermocycling. Although chemically cured macrofilled resins are reported
to have higher bond strengths (more elastic) than light-cured microfilled resins (more brittle),
results presented by Joseph and Rossouw* indicated similar mean shear bond strengths of the
two groups for both stainless stzel brackets (17.34 MPa and 17.80 MPa) and ceramic
brackets (28.27 MPa and 24.25 MPa). Odegaard and Segner*” found no statistical difference
in bond strength of light- or chemical cured resins bonding ceramic brackets to enamel.
Knoll et al.® demonstrated in vitro that bond strengths for brackets bonded to anterior
teeth were greater than for those bonded to posterior teeth. Although the investigators noted
that the finding correlates with the clinical observation that posterior bonds have a greater rate
of failure, it is due to greater masticatory forces in the posterior region of the mouth and the
non-uniformity of the resin thickness between the enamel and bracket base for posterior teeth.
Coreil er al.** presented bonding agents containing solvents which were thought to
improve polymerization of unfilled resin primer and result in increased bond strength. In
theory, complete polymerisation of resin primers was prevented by oxygen inhibition.
However, clinically, the addition of these agents did not appear to affect bond strength.
Evans and Powers™ fecommended that a minimal and uniform thickness of resin
cement be used to maximize bond strength of crthodontic attachments to teeth. Bond
strength decreases as thickness increases due to a greater amount of thermal expansion,

polymerization shrinkage, trapped volatiles, and imperfections.
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1.5.7 Polymerization

Polymerization of light-activated resins under metal brackets by transillumination is
successful since the tooth conducts visible light well. Ceramic brackets are translucent and
permit passage of light through to the resin layer. Control over the rate of polymerization
improves the accuracy of bracket positioning.* Once brackets are correctly positioned,
excess composite material can be removed prior to light polymerization, since inadvertent
bracket movement will not affect the bonding capacity of light cured resin.

Whitlock et al."® examined three types of cement in luting ceramic brackets to ceramic
veneer restorations. They determined light-activated adhesives to have the greatest variability
in shear bond strength, possibly attributed to a dissimilar transmission of light through the
vencer as compared to a natural enamel surface. No-mix resins had the highest bond strength
when used in conjunction with silane. However, all sysiems (two-paste, no-mix, and light

activated) fell within the clinically acceptable range of 6-8 MPa shear strength.
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1.5.8 Thermal Cycling
Shear bond strength of orthodontic brackets has been investigated in many previous
Teports.S#427424648.505354 Ty the majority of cases, shear bond strength has been determined
with an Instron testing device (Instron Corporation, Canton, Mass.), applying a load to the
occlusal margin of each bracket to the point of failure. Most investigators have used
thermocycling as part of their experimental protocol in vitro, to simulate the thermal extremes
of the oral cavity.5!048535¢
Nelsen et al. estimated the limits of oral thermal tolerance to be 60°C and 4°C. Diaz-
Arnold and Aquilino* reported that a statistically significant decrease in mean shear bond
strength occurred with the addition of thermal stress introduced by thermocycling between
5.60°C. Newman et al. used only 100 cycles between 4°C and 60°C with one minute in each
bath.®® Peterson et al.’5 measured the temperature at the tooth surface when hot coffee
(60°C) and ice water (0°C) were drunk alternately to be within a range of 45°C to 15°C.
Klockowski et al.*® subjected specimens to three thermally controlled streams of water
maintained at 4-6°C, 36-38°C, and 53-55°C. One cycle lasted one minute and consisted of
15 seconds each at 36-38°C, 53-55°C, 36-38°C and 4-6°C, for a total of 1500 repetitions. In
their conclusions, they suggested that future research should focus on the long-term effects
of thermal stress by exposing specimens to longer periods of thermocycling. Kao and
Johnston' used a regimen of a 1000 one-minute temperature cycles consisting of 15 second
baths of 60°C, 37°C, 5°C and 37°C respectively. Their rationale for using four water baths
was that the maximum thermal gradient in enamel develops within one second after exposure,

and the temperature rapidly returns to oral temperature once extreme environments are
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removed. Smith er al.° used 150 cyclS of one minute baths in 8°C and 45°C water.
Salzmann™ noted that prolongeq exposure '€ heat, moisture, and severe temperature changes
significantly decreases the $hear groggth of the enamel-resin interface, but not of the ceramic-
silane-acrylic bond. He 8IS0 nOtgg ghat streSS is pot severe enough to produce damage to the
ceramic itself. In keepiNg With gy proto€ol of previous bonding studies, specimens were
stored in water at 37°C tntil Qeponding OCCured, after which they were replaced into the
water bath,>4%%57 pailey anq peanet™ etepmined through long-term water storage tests
that the cement bond With &y, plus Silane.treated ceramic surfaces demonstrated no
significant decrease in stfength ager a 0ne-YEr period under such storage conditions. Stacey"’
also used thermocycling in his Study of 9° bond strength of ceramic veneers to enamel. He
found that in all cases, faterial gybjected 'O this process have responded with significantly
decreased bond strenggh. This Wag jn contf®t ty the findings of Newburg and Pameijer*, who
concluded that thermal €ycling g;d not #ffect pond strengths. Diaz-Amold and Aquilino™
evaluated the bond streN&thS of gour or§200gjlane materials in response to thermal stress.
Thermocycling caused 2 Sighjficant deC™age in the bond strengths of the Command®
Ultrafine, Enamelite® 500, and Ryg;on®, but hag o effect on Scotchprime®, which maintained
consistently high shear strength yap.es. A J8ter gudy found that Scotchprime® tended to have

the most consistently effective pagylts, b85d on standard deviations.®
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1.5.9 Debonding
Whitlock et al.!S examined surfaces of ceramic restorations (bicuspid button samples)
and bracket bages by SEM following debonding in ozder to determine the failure patterns and
the presence of cracks and fractures. Ceramic surfaces and accompanying brackets had been
previously examined by one examiner under a dissecting light microscope at x30
magnification. Samples representative of each group were examined by SEM, with the result
that those with silane applied displayed multiple failure patterns. Combination failures
involved bracket/resin, cohesive, and ceramic/adhesive sites. The group with the highest bond
strength involved a no-mix cement and use of a priming agent. None of the samples displayed
fractures or cracks within the ceramic restoration. Samples met the minimal shear bond

strength required to withstand normal orthodontic forces (6-8 MPa).

Methods/Techniques

The potential for enamel fractures and cracks following debonding raises questions
about the safety of procedures used to remove brackets. Reports have indicated that the most
consistent and atraumatic debonding technique for metal brackets involves application of a
force that peels the bracket base away from the tooth and causes bond failure at the
adhesive-bracket interface.® It is important for clinicians to be aware that relatively strong
forces are required to obtain bond failure, which may result in various degrees of patient
discomfort. In the clinical setting, such a force would be transmitted to teeth that are often
mobile and sometimes sensitive to pressure at the end of the active phase of orthodontic

treatment. To reduce such trauma, teeth should be well supported during bracket removal.
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The orthodontist should have the patient bite firmly into a cotton roll to help stabilize these
sensitive and relatively mobile teeth.*

Sheridan et al.** noted that contemporary techniques of metal bracket removal require
shearing or compression forces. Britton et al @ suggested that mechanical removal of ceramic
brackets involves not only shearing forces, but alsotorsional forces. Metal bracket removal
has generally been accomplished with mechanical crimping instruments. The force necessary
to separate the bracket from the tooth is sufficient to cause deformation of the bracket and,
occasionally, is capable of damaging the tooth. Oliver®® compared three different methods
of debonding metal edgewise orthodontic brackets: i) the mesial and distal wings were
squeezed together with pliers; ii) a shear force was applied with a ligature cutter; iii) a tensile
force was applied by a lift off debracketing instrument (LODE). The first two methods
produced bracket distortion in 30% cases, while the LODI produced distortion only 3% of
the time. Other investigations have determined that metal brackets will deform 20% under
stress before fracturing, while ceramic brackets will deform less than 1% before failing.”*
Bishara and Fehr® compared the effectiveness of wide and narrow bladed pliers in debonding
ceramic brackets. They concluded that narrow blades effectively debond ceramic brackets
with a significantly lower mean debonding force than wideér blades.

Andreasen and Stieg? issued the precaution that bond strength between resin and
ceramic restorations with silane applied is sufficient to cause fracture of the ceramic. Smith
et al.b found that damage occurred not only in conditions of roughened ceramic and silane,
but also with glazed ceramic and silane. Therefore they proposed bracket removal from a

ceramic surface occurs with a tensile pull involving wpinching and peeling” force. Site of
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failure will occur within the composite.

Zachrisson and Buyukyilmaz' noted that a gentle debonding technique is necessary
to achieve failure at a metal bracket/adhesive interface and to avoid ceramic restoration
fracture. They suggested a 45° outward peripheral force be applied to the gingival tie wiGgs
of twin brackets with an anterior bond-removing plier, or by squeezing the wings with a
Weingart plier.

Carter® reported no instances of enamel fracture related to debonding approximately
2000 ceramic brackets over a three year period. He noted that the problem with bracket
removal is not the enameVadhesive bond, but inflexibility of the bracket itself. He suggested
that ceramic bracket removal should be accomplished by using a shielded debonding
instrument to grasp the bracket sides parallel to the long axis of the tooth, not
occlusogingivally. He proposed that the tooth be supported lingually with a finger while
rotating the bracket off with a twisting force.

Starling and Love® noted that torsional or shear forces have been recommended for
ceramic brackets as opposed to peeling forces used for removal of metal brackets. They
investigated the effectiveness of using plasticizers to modify mechanical propertiés of the
adhesive to make bracket removal easier and more predictable. The addition of this
plasticizer was found to lower the peak torque required for ceramic bracket removal, making
cohesive fracture within the adhesive more likely. This would be of benefit in maintaining the
integrity of the veneer surface, assuming that bond strength would still be clinically relevant.

Pus and Way® evaluated enamel damage resulting from debonding brackets with

either filled or unfilled resin. Their protocol involved gently squeezing mesial and distal wings
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of metal brackets with Howe pliers while applying a slight twisting action, and then removing
residual resin with either hand or rotary instruments. Hand instrumentation was associated
with a mean loss of enamel of 7.7 ym while 17.2 pm occurred with rotary instrumentation.

The latest development in bracket removal techniques has been electrothermal
debonding. Rueggeberg and Lockwood® have found that there is a direct relationship
between filler content of the bonding resin and debonding temperature. In addition, there is
an inverse exponential relationship between debonding temperature and load needed to cause
debracketing. Their findings indicated that thermal debonding produced no evidence of overt
enamel fracture, and failure site shified toward the tooth/resin interface. The higher the resin
temperature, the less debonding force is required and the less potential for enamel damage is
present. Because operators and their force application capabilities differ, it is not possible to
determine clinical forces delivered during thermal debracketing. A previous investigation has
determined that at room-temperature testing (23°C), brackets require 347N (78 pounds) of
force for debontling from enamel® Raising the resin temperature {0 75°C results in a halving
of the applied force necessary (147N) to remove the bracket. This lower force would
substantially decrease the chances of enamel damage during bracket removal. Also, this
temperature of 75°C is a much lower risk to the dental pulp than the more elevated
temperatures associated with ETD™. Anecdotal reports by Wool™ indicated that by simply
having a patient rinse with hot water prior to bracket removal, clinical debonding forces were
noticeably reduced. Gorback™ reported on a thermal bracket removal technique which
involved heating the tips of a utility plier for about 10 seconds with a micro torch. Although

the technique was clinically successful in bracket removal, safety of the pulp was not
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addressed. The debonding temperature associated with Rely-A-Bond at the tooth/resin
interface has been confirmed as 154°C + 13°C.™ Sheridan ef al.*! found that temperatures
involved with the ETD™ are safe to the pulp, and that when water spray Was used
immediately following bracket removal, the mean ultimate increase in pulpal wall temperature
was less than 1°C.

Rueggeberg and Lockwood concluded that a wide variation exists in the tcmperatre
needed to thermally debond stainless steel brackets.” Two-paste systems required greater
heat than did no-mix systems. Powder/liquid systems required the least heat. Debonding at
room temperature tended to demonstrate failure sites at the bracket/resin interface €xcept for
cohesive enamel fractures. At elevated temperatures, site of failure shifted toward the
tooth/resin interface. There was no evidence of overt enamel fracture when debonding was
done at elevated temperatures. However, debonding occurred at higher temperatures when
resins with greater filler contents had been used. Products with less than 54% filler tended
to fail primarily at the bracket/tesin interface when a load of 22.2 N was used. Materials with
a higher filler content displayed failures at both the bracket/resin and tooth/resin surfaces.
Ostertag et al.*® concluded that no significant difference existed in the site of bond failure as
the concentration of adhesive changed. Sheridan® proposed the hypothesis that deformation
of resin material at the metal bracket base resulted in bond failure when the ETD™
instrument is used. It could similarly be suggested that the heat transferred to the ceramic
bracket base and the composite resin results in the deformation of a layer of adhesive material
closest to the bracket. Since the thermal expansion properties of the adhesive material differ

from those of the aluminum oxide bracket material, the resulting difference in contraction and
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expansion at this interface, accompanied by slight torquing by the clinician, are sufficient to
break the chemical bond between the polymers of the adhesive and the silane coupling agent
of the bracket base.* Ideally, the debondingftechsiique should result in adhesive failure at the
ceramic/resin interface, leaving the original glazed surface. However, clinical experience has
shown that bond failure usually occurs at the resin/bracket interface, leaving residual
composite to be removed.®

Bishara and Trulove® evaluated several variables during and after ceramic bracket
removal It was found that incidence of bracket failure was significantly greater with
conventional debonding techniques versus ultrasonic or electrothermal methods. Cohesive
resin failure occurred with mechanical debonding, while the site of failure for ETD was the
bracket-resin interface. Debonding times were similar for conventional and ETD debonding

techniques, but longer for ultrasonic debonding.

Forces

Bond strength of bonded brackets relies on a number of factors, specifically bracket
type, adhesive, and enamel conditioner used.*® An important consideration in bracket choice
is underscored by Maskeroni ez al.™, who noted that the shear force needed to mechanically
debond ceramic brackets is 21% greater than that required to debond metal brackets. Viazis
et al.™ noted that the fracture toughness for ceramics is 20 to 40 times less than those of
stainless steel. Clinically, the bond strength of metal or ceramic brackets seems to be more
than adequate. Bishara et al.* have estimated the debonding strength of ceramic brackets as

equivalent to 5.88 MPa when using a sharp edged debonding instrument.
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Kao and Johnston' found that a higher average debonding force was required to
remove a bracket from a ceramic surface roughened with a green stone.

Scott™ stated that tensile strength of metals is a bulk material property that can be a
very appropriate indicator of performance in orthodontic applications with little or no regard
for surface condition. Tensile strength of ceramics is not a simple bulk material property; it
is dependent on the condition of the ceramic surface so tests on bulk samples of material can
be irrelevant and misleading. The ability of a material to resist fracture (breakage) is the
mechanical property that most distinguishes ceramics from metals. This ability is called
fracture toughness. Tensile strength of sapphire brackets is 1379 MPa while that of stainless
steel is only 345 MPa. However, the elongation (strain — the amount of deformation per cm)
for stainless steel is approximately 20% when it finally fails. The elongation for the sapphire

at failure is less than 1%.3%

Enamel Fractures

Fox and McCabe™ noted that the bond strength of orthodontic ceramic brackets is
higher than metal brackets and many incidents of enamel fracture have been reported. A
report by the American Association of Orthodontists indicated that 21% of orthodontists had
seen damage to enamel due to ceramic brackets.™

The vast majority of bonding/debonding studies have involved enamel surfaces. Much
has been documented regarding sites of failure and enamel damage. The sites of failure are
interesting to note and compare to debonding from ceramic surfaces in an attempt to better

understand the exact mechanisms involved.
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Bishara et al.* reported Retief's finding that enamel fractures may occur with bond

strength as low as 13.54 MPa. Due to their rigidity, ceramic brackets require a higher force
to debond, so the preferable site of failure would be either resin/bracket or enamel/resin
interface. It would seem logical to reduce the bond at the enamel/resin interface to reduce risk
of enamel fracture, enhance debonding and cleanup, and decrease damage done to enamel.

Hill™ found that even when manufacturers' recommended methods of debonding were
used, enamel damage was produced in 34% of teeth bonded with silanated single crystalline
brackets and in 13% of silanated polycrystalline brackets. Ghafari et al.” and Eliades et al™
found rates of enamel fracture associated with silanated polycrystalline brackets to be 5.5%

and 5%, respectively.

Ceramic Veneer Fractures

Zachrisson and Buyukyilmaz' noted that despite the thin and fragile nature of ceramic
veneers, Iuting resins appear to provide increased resistance to fracture. The bond between
the laminate and the tooth is stronger than that between the laminate and a bracket. Kao and
Johnston™* found no incidence of total fracture or dislodging of the veneer, and an 11%
incidence of microfracture in a sample of 160 brackets bonded to Ceramco® (Ceramco Inc.,
Burlington, N.J.) ceramic laminate veneers. Samples fabricated from Vita® ceramic, however,
had surface crazing or other cohesive failure at a rate of 25%. Smith et al.® found that |
debonding failure occurred within the ceramic in all specimens with glazed or roughened
surfaces treated with silane. When ceramic brackets were cemented to etched ceramic

veneers, Simonsen and Calamia™ found veneer fractures occurred in all cases.
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Messer et al® noted that for a flaw to initiate fracture it must have a sharp crack-like
feature associated with it. Flaws can occur on the edges, surfaces and in the volume of a
ceramic, and for the same size, their severity decreases in that order. In strong ceramics,
surface and edge flaws, which may be formed during surface grinding or from abrasion in
service, might grow by stress corrosion to initiate fracture. Flaws in ceramics of low and
modest strength are correspondingly larger, often appearing as pores. Pores can result from

the burn-out of organic impurities or from non-uniform shrinkage.

Site of Failure
Reynolds” estimated the minimum tensile bond strength required by bonded

attachments as being 5.88-7.84 MPa. Failure to withstand tensile or shearing forces is
dependent on the strength of the‘bond between the enamel, adhesive, and attachment and on
the surface area of the attachment. Kao et al.® found that the use of a silane primer increased
the average debond force required for the resin and the ceramic veneer laminate. Although
silane primer enhances the resin-ceramic bond, there is a higher incidence of ceramic fracture
resulting from the increased debond forces exerted. They observed that 8.8% of their sample
had ceramic fractures, with no incidence of total fracture or dislodging of the veneer. The
bond between the laminate and tooth has been shown to surpass that between the bracket and
laminate.

Zelos et al." evaluated the bond strength of ceramic orthodontic brackets bonded to
Vita and Ceramco dental ceramics, fashioned to duplicate the labial surface of maxillary right

central incisors. Testing on an Instron Universal testing machine determined a mean shear
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bond strength of 10.70 kg and tensile bond strength of 3.92 kg. Failure was observed via

stereomicroscope to have been at one of six locations: within the bracket, bracket-adhesive
interface, cohesive resin, ceramic-adhesive interface, ceramic fracture, and ceramic cracking.
They found that shear forces produced a ceramic crack/fracture in 42% of cases. Tensile
forces were associated with no such veneer damage, but failure often occurred at the
bracket/adhesive junction (61.4%) and the ceramic/adhesive junction (10.8%). Clinical
debonding techniques which utilize cutters or pliers produce a tensile/peeling effect. Zelos
et al.™ concluded that bond strengths obtained between ceramic brackets and glazed ceramic
are not only clinically sufficient to withstand orthodontic forces, but are comparable to the
bond strengths between ceramic brackets and enamel.

Nathanson'® described the existence of different failure mechanisms, depending on
the pre-treatment of ceramic veneers. Non-etched ceramic produced an adhesive failure
between the resin and ceramic, and a flat resin surface remained unaffected. In etched
ceramic groups, adhesive failures occurred within the ceramic structure. Lacy ez al* found
that ceramic etched with hydrofluoric acid and treated with silane produced a comparable
bond strength with etched enamel. It was noted that silane and acid-etched ceramic may
produce bonds stronger than the cohesive strength of ceramic. Stangel et al.*’ compared the
effectiveness of 52% and 20% hydrofluoric acid in etching ceramic surfaces. Their finding
was that the 52% concentration preferentially dissolved the glassy phase while the 20%
concentration preferentially dissolved the crystalline phase. All etching methods resulted in
increased bond strength. Nicholls'? found that ceramic veneer bond strength increased

proportional to etch time with 7.5% hydrofluoric acid and with use of a silane coupling agent.
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‘They also noted that a clinically acceptable tensile bond strength between the ceramic veneer
and the cementing resin is 27.58 MPa. Calamia et al.* had previously demonstrated with a
5% hydrofluoric acid concentration that bond strengths were significantly greater for 2.5

minute versus 20 minute etch times.

Viazis et al. determined that the failure of mechanical bonds (metal foil mesh and
grooved-based ceramic bracket bases) under shear stress is primarily within the adhesive itself
(brittle failure of the adhesive from localized stress areas), whereas chemical bonds
(silane-treated ceramic bracket bases) fail mostly at the adhesive-bracket interface (pure
failure caused by wider stress distribution over the whole interface). This confirmed the
previous finding of Dickinson and Powers® that bond failures occurred most frequently at the
base-adhesive interface of the metal bases. Joseph and Rossouw*” found that the failure sites
with metal brackets are evenly divided between the bracket/resin and the resin/enamel
interfaces. However, in a separate study they demonstrated that metal brackets bonded with
fissure sealant fail primarily at the resin/enamel interface.®® Gwinnett® concluded that both
metal and ceramic brackets failed consistently at the resin/bracket base interface. For ceramic
brackets debonded from ceramic surfaces, Zelos et al.! determined that the site of failure
depended to some extent on the type of force being produced. Shear forces created ceramic
fractures, while tensile forces resulted in significant failures at the bracket/adhesive junction
and less often at the ceramic/adhesive junction.

The highest incidence of ceramic fractures associated with debonding occurred in
roughened, silane primed surfaces bonded with highly filled resin. Highly filled resins require

a higher force to debond brackets on either natural teeth or ceramic veneer laminates.
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Roughening (including etching) a ceramic surface further increases resistance to debond
forces, probably by addition of mechanical retention.>**’ Smith et al.® suggested that these
bond strengths are certainly within the realm of achieving clinical success. Eustaquio et all®
found no significant difference between bond strengths of glazed and deglazed ceramics.
Stangel et al.”’ confirmed that silane increased the bond strength of composite resin to etched
ceramic. Zelos et al." also reported the ceramic glaze strengthens the ceramic and reduces
crack propagation.

Whitlock et al.'’ found that when no ceramic primer was used to adhere ceramic
brackets to ceramic restorations, the bond failed at the restoration-adhesive interface. Ineach
case, the adhesive remained attached to the bracket and not to the restoration surface.
Samples in groups that had received a priming agent displayed multiple failure pattemns.
There was a combination of failure at the bracket-adhesive interface, within the adhesive, and
at the restoration-adhesive interface. None of the samples displayed fractures or cracks
within the veneers or the ceramic brackets.

Evans and Powers™ noted sites of failure as being within cement, at the cement-base
interface, or at the cement-substrate interface. The failure site observed for no-mix cements
was essentially at the cement-base interface. Failures within the cement were characterized
by incomplete polymerization of the resin. Cement consistency is an important factor in
determining the critical cement thickness at which failure begins within the cement. As
cement consistency increases, there is less mixing of the primer and paste and less diffusion
of the free radicals from the primer/paste interface. Thus, less polymerization occurs, leading

to a decrease in tensile bond strength. Odegaard and Segner*” demonstrated that light cured
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adhesives have similar bond failures as chemical cured resins. Eversoll and Moore*’ noted that
unfilled resins resulted in site of failure being at the enamel/adhesive junction. Addition of
inorganic fillers increases the cohesive strength of the bonding adhesive layer. This has

resulted in failure occurring at the bracket/resin interface for metal, plastic, and ceramic

brackets. >4’

In late 1986, the first brackets made of ceramic material became widely available.
Subsequently, anecdotal reports of bracket breakage and tooth damage associated with the
use of ceramic brackets have been published. Ideally, fracture sites associated with bracket
debonding should be consistently at the resin/enamel interface with no enamel damage. Since
enamel damage does occur, a fracture site at the interface between resin and bracket is
clinically acceptable. Joseph and Rossouw® demonstrated mainly resin/enamel fracture sites
when a primary coating of fissure sealant was applied to the enamel surface before stainless
steel brackets were bonded. Carter® reported excessive bond strengths leading to bracket
and/or enamel fracture when sapphire brackets with both mechanical retention grooves and
a silane coupler were used. Storm® describes a chemical bond between resin and bracket
base that is a stronger bond than between resin and enamel, when silane is used.

Rueggeberg and Loclcwpod"2 felt that crystal sapphire brackets, because of their
optical clarity, provide an esthetic advantage over many other types of brackets. Debonding
of these brackets has caused iatrogenic damage to enamel. Thermal debonding has been
proposed for use in removing sapphire brackets without causing damage to teeth. Two-paste
products have been found to have a markedly higher debonding temperature than the no-mix

materials when debonding stainless steel brackets. It is important to know the relative thermal
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debonding temperature of a particular orthodontic bonding resin prior to placing brackets.
The lower the debonding temperature, the less the potential for pulpal damage during

debonding.

Pulpal Response to Electrothermal Debonding

The electrothermal debonding process involves heating the bracket surface until the
underlying resin no longer adheres, allowing the bracket removal.®? The electrothermal
debracketing instrument transfers heat through the bracket, allowing bond failure at the
bracket-adhesive interface as the heat denatures the adhesive.” Heat transfer through solid
substances occurs by a process known as conduction. The coefficient of thermal conductivity
is expressed as the quantity of heat in calories per second that passes through a specimen 1
cm thick having a cross-sectional area of 1 mm? when the temperature differential between
the ends of the specimen is 1°C.* The higher the coefficient of thermal conductivity, the
greater is the ability of the substance to transmit heat and vice versa. Enamel and dentin are
effective thermal insulators, with thermal conductivity values of 0.0022 cal.cm/cm?.sec.°C and
0.0015 cal.cm/cm?sec.°C respectively. Ceramic compares favourably at 0.0025
cal.cnvem.sec.°C Specific heat of a material is the heat capacity per specific mass of material.
Values for enamel, dentin, and ceramic are 0.18 cal/gm/°C, 0.28 cal/gm/’C, and 0.26
cal/gmP°C respectively (as compared to the standard of water at 1.0 cal/gm/°C).® Removal
of a layer of enamel which is replaced with a layer of ceramic of equal thickness should,
therefore, not affect the conduction of heat from the ETD™ tip through to the dental pulp.

Little data have been reported regarding intrapulpal temperature changes in response to
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electrothermal debracketing.

Investigation has shown that ETD does not raise the pulpal wall temperature to a level
that has the potential for causing histologic damage.” Vukovich et al® found that
temperatures exceeding the known thresholds for pulpal damage are generated when ceramic
brackets were ground off by low-speed without coolant. However, when a similar procedure
was performed using high speed and water or air coolant, temperatures were significantly
lower than threshold values.

Robinson and Lefkowitz®® have stated that, "Excessive heat is the most serious single
insult to the pulp . . . All possible injuries, one added to the other, must be avoided”. Zach
and Cohen®™ have shown that it is both the quantity and intensity of heat applied to the pulp
which sy’ ®e important.

Theliterature describes methods used to measure the degree of heat transferred from
the tooth surface to pulp chamber during electrothermal debonding. All have used a
thermocouple placed-on the buccal wall within the pulp chamber of the tooth. However, the
pulpal chamber has been infused with various materials to assist in the conduction or
dissipation of external heat. Grajower et al.® simulated the blood circulation by injecting
37°C water into the pulp chamber with a syringe pump during the debonding procedure.
Sheridan et al.%, and Heithersay and Brannstrom®® placed a silicone oil medium around the
thermocouple tip for heat-conduction efficiency. Ulusoy et al.” filled the pulp chamber with
dry aluminum powder, while Vukovich et al.*’ simulated in vivo conditions by using a pulp
tissue replacement, type Z9 heat sink compound.

Jost-Brinkmann et al.® studied the effect of thermal debonding on the pulp tissue of
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teeth bonded with either metal or ceramic brackets. Their review of thermal effect
experiments noted a temperature of 40°C produces circulation changes in the pulp tissue, and
thrombosis if maintained at that level. A temperature rise to 46°C lasting for two minutes
leads to a complete arrest of the blood circulation. Zach and Cohen® have demonstrated that
a thermal stress of 275°C for only a few seconds has the potential to produce irreversible pulp
damage.

Sheridan et al.*! reported that pulpal pathosis is directly proportional to the increase
in temperature. They determined that temperature increases produced by the ETD of metal
brackets were not sufficieri io cause pulpal damage. Their results showed that the ETD
produced a temperature j:crease at the pulp wall of 0.8°C. This was well below the threshold
temperature of 5.5°C for primates, established by Zach and Cohen.® Lack of heat exchange
between the ETD™ unit and the pulpal wall was attributed to dentin having a low thermal
conductivity and insulating effect, and tissue fluid in the dentinal tubules may dissipate some
heat. The time required for the ETD™ to remove a bracket was not correlated with pulpal
temperature. This may have been due to differences in bond quality, varying degrees of
traction applied to the bracket during the process, ETD™ tip seating differences, and
differences in the level of battery charge. They did find that the temperature of the metal
bracket at the time of lift-off was 130°C (+ 15°C) with a mean debonding time with the
ETD™ was 8 seconds. The ultimate pulp temperature increase was 0.12°C and 2.4°C, when
the water coolant was used or not used respectively.

In a second study, Sheridan et al.* investigated the histologic response of human

bicuspids to electrothermal debonding of metal brackets. Teeth were extracted two weeks
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following the debonding procedure and prepared for histologic examination, finding no
evidence of pulpal pathosis related to ETD™.

Zach and Cohen® found that an intrapulpal temperature rise of 11.1°C results in a
60% rate of pulpal pathosis. A 5.5°C increase produced pulp death 15% of the time, while
temperature increases under 5.5°C generally displayed pulp recovery. Cohen and Chase®
investigated the pulpal response to vital bleaching, involving temperatures of 46°C to 57.1°C.
Results indicated 73% of patients felt pain for up to 24 hours, but that none of the teeth
became non-vital after 30 days.

During thermal debonding, it is important that the bracket comes off with the first
heating cycle so the heat capacity is removed from the tooth before radiating to the pulp. It
is advantageous to raise the heating temperature or to prolong the heating period until
debonding occurs instead of running several heating cycles with the bracket remaining on the
tooth.

While Sheridan® states 130°C as the temperature of resin when debonding occurs,
Gerkhardt et al.® estimate approximately 100°C. A previous investigation of several bonding
adhesives revealed that each resin material softens at a different temperature. Sheridan
reported that thermodebonding of metal brackets was effective and produced no obvious pulp
damage. None of the teeth with metal brackets showed any pathologic alterations after
debonding. In all cases more than two-thirds of the adhesive resin remained on the tooth and
no enamel fractures were found.

Brouns et al.% recorded the pulpal wall temperature increase during electrothermal

debonding with two different instrument models (De-bond 200°, Scheu-Dental Co., Germany;
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Ceramic Bracket Debonding Unit®, Dentaurum® Co., Germany). Fracture site location was
significantly different in the two ceramic bracket types tested after electrothermal debonding.
Their protocol involved pressing the bracket firmly into place with finger pressure on the
buccal surface of each premolar and immediately removing excess paste. Before
electrothermally debonding the brackets, the teeth were stored at 37°C in distilled water for
at least 24 hours to ensure complete polymerization of all the resin material. The pulp
chamber was filled with 0.9% sodium chloride for heat-conduction efficiency. Under normal
¢ircumstances, the average pulp temperature rise for electrothermal debonding Transcend®
and Fascination® brackets with the De-bond 200° device was 1.1°C. For the Ceramic Bracket
Debonding Unit®, the average temperature rise varied between 3.6° and 5.2°C. They found
that the average temperature rise for debonding ceramic brackets varies between 1.8° and
2.0°C. Ceramic Bracket Debonding Unit® with Fascination® brackets found an average
temperature increase between 3.0° and 5.0°C. Bishara and Trulove® found that after
electrothermal debonding Starfire® brackets, 85% of the bond failures were located in the
bracket-adhesive interface. Brouns et al’. deterrnined that temperatures at both bracket bases
varied between 208°C and 230°C without air cooling and dropped to 74°-126°C when

subsequent air cooling was used.
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1.5.10 Evaluation of Ceramic Surfaces
Adhesive Remnant Index

Evaluation of residual adhesive and site of bond failure should follow a specific
method. Bishara and Trulove® assessed adhesive remaining after bracket removal, according
to the Adhesive Remnant Index (ARI) with respect to the amount of resin material adhering
to the enamel surface. The scale used had a range between 5 and 1, with 5 indicating that no
composite remained on the enamel; 4, less than 10% of composite remained on the tooth
surface; 3, more than 10% but less than 90% of the composite remained on the tooth; 2, more
than 90% of the composite remained; and 1, all of the composite remained on the tooth, along
with the impression of the bracket base. The ARI was also used as a more complex means of
defining the site of bond failures between the enamel, adhesive, and bracket base. The ARI
has also been used by Bishara and Fehr®® to determine the site of bond failure.

Zachrisson et al.% conducted a comparative study on different methods of detecting
enamel cracks. They evaluated direct illumination, indirect illumination (reflected from the
lingual), shadowing via direct or indirect illumination, staining with a penetrant dye
(methylene blue), and transillumination with fiber-optic light. They concluded that fiber-optic
transillumination and shadowing with direct illumination were clearly superior. The majority
of cracks were oriented parallel to the long axis of teeth, and were classified as pronounced
(detectable under normal office illumination) or weak (requiring extra illumination for
detection). Only 25-30% of teeth were without cracks in the Zachrisson study. Redd and
Shivapuja™ utilized methylene blue to identify fractures which existed prior to orthodontic

bonding and debonding. Follow-up with SEM confirmed that teeth with cracks revealed by
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staining showed enamel damage in the corresponding areas, while those that did not accept

a stain showed no microscopic damage.
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2.1 Introduction

Patients with éxcessive overjet have a significantly greater risk of fractured teeth,
requiring placement of permanent restorations.'>* Restorative procedures include ceramic
veneers which cover the entire labial surface and replacing missing tooth structure.
Subsequent orthodontic treatment requires materials which are able to effectively bond
brackets to ceramic surfaces.

An impestant advancement in bonding materials has been the development of
organosilanes. Using organosilanes as surface primers, clinically acceptable bond stren gths
can be achieved without mechanical preparation of the ceramic. Elimination of mechanical
preparation of the surface reduces risk of microcrack formation within ceramic veneers.
Instead, Zachrisson® has suggested that surface alterations using micro-etchers provide
improved bonding without adversely affecting the ceramic strength.

Previous studies have examined bond strength and debonding techniques involving
orthodontic brackets and ceramic fused to metal crowns, but few have studied the effect on
ceramic veneers.*’ Minimal veneer thickness (0.3 to 0.5 mm) may predispose this restoration
to more frequent damage than full coverage crowns. Achieving satisfactory bond strengths
for orthodontic treatment may result in ceramic fracture with debonding.“ Previous
investigations have demonstrated effective electrothermal debonding of metal brackets from
enamel without causing any obvious pulp damage°'l'°. However, if more than one heating
cycle was necessary to remove ceramic brackets, pulpal tissue damage did occur. There has
been no previous study related to the effect of electrothermal debonding of metal or ceramic

brackets from ceramic veneer surfaces on the underlying pulp.
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The purpose of this study was. to compare three different debonding techniques [Howe

pliers (H), lift off debracketing instrument (LODI)(3M Unitek, Monrovia CA), and
electrothermal technique (ETD™)("A" Company, San Diego CA)] for the production of
veneer damage, and to compare temperature rises in the pulp chamber when ETD was used
to debond metal [ETD(M)] and ceramic [ETD(C)] brackets. Any significant temperature
increase could create further potential pulpal trauma to an already traumatized tooth,

increasing risk of pulpal pathosis.
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2.2 Materials and Methods
2.2.1 Sample Selection

Acceptance criteria for 96 teeth required the absence of restorations or obvious
enamel defects and fractures. Each tooth was transilluminated and examined under x20
magnification to detect such structural faults.

Following extraction, teeth were stored in a 1% solution of sodium hypochlorite for
24 hours prior to being pumiced for the removal of stain, debris and periodontal tissue, and

then finally transferred to water.

Randomization
A computer-generated randomization list determined experimental groups to which:

each mounted sample was assigned (see Table 1).

2.2.2 Tooth and Veneer Preparation

Acrylic bases were fabricated in a manner that would permit convenience of handling
during tooth preparation, veneer cementation and subsequent laboratory procedures (Figure
1). Bases were coded for identification and returned to the water bath for storage until the
time of veneer preparation.

Each specimen had standardized tooth preparation carried out by the same
prosthodontist, using diamond burs from the Brasseler Laminate Veneer System Set 4151
(Brasseler Canada®, Montreal, PQ). Initial enamel reduction was accomplished using a 0.5

mm depth gauge bur (LVS-2), with final reduction being completed with a rounded chamfer
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bur (LVS-3 or LVS-4). Margin preparations extended apically approximateiy 1.5 mm short
of cemento-enamel junction and wrapped 1.5 mm beyond the occluso-buccal line angle.
Preparation was followed by examination of all specimens under x20 magnification using
methylene blue stain for detection of dentin exposure and/or enamel fractures.

Final impressions of each tooth preparation were obtained with a polyvinyl siloxane
impression material (Express™, 3M Dental Products Division St. Paul, MN) contained within
individual trays. Tooth specimens were placed into the water bath until veneer cementation.

Ceramic restorations were constructed by a commercial dental laboratory using the
refractory d&: technique and Mirage dental ces=mic (Chameleon Dental Products, Inc., Kansas
City, Kansas). Initial ceramic contours were dictsted by the anatomical form of each tooth
and the praparation outline. It was requested that veneers be fabricated to 0.50 mm in
thickness. Measurements at five different locations on each veneer recorded, with the mean
value being 0.5 + 0.06 mm (Appendix 1). Mean thickness' for individual groups were 0.49

mm for ETD(C) and Howe pliers, and 0.50 for ETD(M) and LODL

Table 1: Expesfmental Groups

EC = electrothermally debonded ceramic

EM = electrothermally debonded =.etal

H = debonded with Howe pliers

£. = lift off debonding instrument * = one of the original 24 samples delaminated
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2.2.3 Bonding Protocol
Ceramic Veneer
The enamel surface of each tooth was dried and then etched with a solution of 37%
phosphoric acid for 30 seconds followed by rinsing with water and drying with warm air. A
thin layer of unfilled resin was applied to both the enamel and inner surface of the silane-
treated ceramic veneers (3 layers of 3M Scotchprime Ceramic Primer). Each veneer was
coated with a layer of composite resin (Mirage FLC™), and seated into pbsition on the tooth
by a single operator, as recommended by Sorenson", and Fox and McCabe'2. Excess bonding
material was removed with a brush coated with unfilled monomer resin prior to final light
curing for 120 seconds (3M Unitek® Ortholux® XT Visible Light Curing Unit, 3M Dental

Products).

Etching of Veneer

The buccal surface of veneers corresponding to the region of bracket placement were
treated with Porcelock® (Den-Mat® Corp., Santa Maria, CA), a 2.5% hydrofluoric acid gel,
for 180 seconds. This was followed by a 20 second wash and 20 seconds of drying with
warm air free of oil/moisture. Veneer surfaces were examined for a slightly frosted

appearance (similar to etched enamel) prior to application of silane.

Orthodontic Brackets and Adhesive
Starfire® ceramic brackets comprised one experimental group, wiile Omaco® Mini-V

metal brackets were used for the other three groups. The groups sesciated with these
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brackets are illustrated in Table 1.

Rely-a-bond® (Reliance, Inc., Itasca, IL), a one-paste no-mix system, was used in
conjunction with a priming agent (Scotchbond™ Ceramic Primer®) for orthodontic bracket
bonding. The central area of the ceramic veneer buccal surface was treated with Porcelock®,
rinsed, and dried prior to application of three layers of silane primer (3M Scotchbond™
Ceramic Primer). Ceramic surfaces were treated and orthodontic brackets bonded. A single
operator applied a layer of Rely-a-bond® primer to both the ceramic veneer and bracket
surfaces and then adhesive paste to the orthodontic brackets. Brackets positioned at the ideal
bracket location (bracket slot 4.0 mm from the occlusal edge) with a standardized force (400
gm via Dontrix guage). Resin flash was removed while that beneath the bracket was left to

cure for 5 minutes prior to the specimens being returned to water storage.

2.2.4 Specimen Storage Conditions and Thermal Cycling

Each experimental growp was placed in 37°C water for 12 hours prior to bracket
debonding. Previous investigations have recommended that bonding studies include
thermocycling as part of the experimental protocol.?® Current recommendations for
bonding/debonding studies suggest the mandatory inclusion of thermocycling (minimum of
500 cycles) to simulate temperatures experienced in the oral environment. This investigation
thermocyeled 750 cycles, between water baths of 55°C and 5°C with dwell times of 30

seconds. Samples were then returned to storage conditions for 24 hours prior to bracket

reinoval,
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2.2.5 Debonding Protocol

The "A" Company Electrothermal Debonder was designed for removal of their
ceramic brackets (Starfire®) from enamel surfaces. However, the tip of the debonder has been
observed tb also fit Ormco® Mini-V metal brackets. The electrothermal debracketing,
instrument (ETD™) is a cordless rechargeable battery operated system which generates heat
reportedly in the range of 232°C at its tip.”> The heat concentrates at the tip/bracket interface
and is conducted to the resin layer, allowing debonding to occur within 2-4 seconds.

The current investigation observed that debonding occurred within the initial 5 second
period, at which time an audible signal is produced by the ETD™. This procedure was similar
for both ceramic and metal brackets.

The lift off debonding instrument (LODI) was utilized by placing the incorporated
wire over a tie wing, positioning the instrument to straddle the bracket, applying gentle force
until both plastic contact surfaces rested evenly on the tooth surface, and then applying
greater force until the bracket lifted off. Howe pliers were used by placing the tips diagonally
at the mesial-occlusal and distal-gingival of the bracket tie wings, and applying a squeezing

force to the pliers while providing a simultaneous torquing force.

2.2.6 Sites of Failure

Following debonding procesdare, bracket and veneer samples were each separately
evaluated by observation wisie: & x20 magpnification stereomicroscope. Results were
categorized based on whether the fracture occurred primarily at the veneer/adhesive interface,

bracket/adhesive interface or cohesively within the resin. Veneer samples were evaluated for
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surface damage by visual inspection under x20 magnification stereomicroscope, a level
adequateto detect.cEnically relevant damage. All avulsion fractures or cracks in the ceramic
surface weté indluded in the category of veneer damage as presented in Table 2. Any
adhesive remaining on ceramic following bracket removal was assessed according to the
Adhesive Remnant Index (ARI). This index system, developed by Artun and Bergland®, uses
the following criteria for evaluating tooth surfaces:

Score 0 = No adhesive left on the tooth

Score 1 = Less than half the adhesive left on the tooth

Score 2 = More than half the adhesive left on the tooth

Score 3 = All adhesive left on the tooth with distinct impression of the bracket mesh

The reliability of the ARI was tested by analysis utilizing Bioscan® Optimas™
(Edmonds, WA). This computer program included photographic enhancement which allowed
the operator to digitize the regions of the bracket covered by resin and provided an immediate
reading of the area involved. This was then computed as a percentage of the surface area of
the bracket base (Appendix 2).

Veneer surfaces were evaluated and scored on a scale of 5 to 1 according to the ARI
utilized by Bishara and Trulove'®. A value of 5 indicated that no composite remained on the
tooth; 4, less than 10% composite remained; 3, more than 10% but less than 90% composite
remained; 2, greater than 90% composite remained; 1, all composite remained on the tooth.

Veneer damage was recorded as being absent, or present when a break in the glazed
surface was observed in association with avulsion fractures or crazing of the ceramic. Clinical

judgement determined the extent of veneer damage as being repairable or non-repairable.
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2.2.7 Intra-pulpal Temperature Changes Due to ETD™

A K-type thermocouple probe (John Fluke®Mfg. Co., Palatine, IL) passing through
a 3mm lingual access opening, was positioned on the buccal wall of the pulp chamber
transversely and vertically adjacent to the bracket location (Figure 1) and stabilized with
composite resin. The pulp chamber was filled with silicone oil medium, as advocated by
Sheridan'®, to aid heat transfer should the thermocouple probe have been inadequately
positioned. A microprocessor-based digital thermometer (calibrated by the manufacturer)
recorded any temperature rise at the buccal wall during the electrothermal debonding
procedure. The K-type thermocouple had a measurement range of -200°C to 1370°C with

initial tolerances of + 1.1°C over a range of 0°C to 260°C (traceable to NBS standards).
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Figure 1. Schematic Diagram of Electronic Thermometer and Tooth Mounting
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2.2.8 Statistical Analysis
All data were edited and verified. Comparisons between groups were done by analysis
of variance (ANOVA) followed by a Scheffe multiple comparison test if there was a
significant difference overall (p<0.05). Comparison between ETD(M) and ETD(C)
temperatures was done by a t-test. Because of concerns with over testing the dataset
(multiple testing), use of several varibles that are theoretically strongly related, accuracy of
values for the data set, and the fact that determining relationships was a tertiary hypothesis,

it was decided to set a stringent level (p<0.001) to determine significance.

2.3 Resuits

Preliminary adjuncts of this investigation included the determination of ceramic veneer
thickness (Appendix 2) and ETD™ tip temperature (Appendix 3).

Mean veneers thickness was 5.0 + 0.06 mm with a range of 0.2 mm in a single sample
to a high of 0.70 mm. The average of 5 thickness measurements was 0.32 to 0.66 mm.

The mean temperature of the debonding tip was 184°C following a 5 second period
of activation (251 trials) with a range of 170.3°C to 201°C. ‘Temperatures following 10
second activations averaged 213°C (204 trials) with a range of 193.3°C to 229.8°C. All
electrothermally debonded brackets were removed within the first five seconds of tip>

activation. Results of all debonding techniques are presented in Table 2.
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Table 2: Debonding characteristics by group

&0 e L (N

0.49mm | 0.49mm | 0.50mm | 0.50mm | NS

49% 27% 44% 80% EMvsEC,H,L

2.2 1.5 2.1 3.5 EMvsEC,H,L
21% 35% 13% EC vsL

3.6°C NA NA 6.6°C *

2/24 NA NA 11/23 *
(8%) (48%)

SR - .
50

*= siniﬁcance level .05

Each experimental group began with a sample size of 24. During the experimental
procedures outlined by the protocol, one specimen in the LODI group had the veneer
delaminate. As a result the LODI group was left with an n=23 and the experimental
population with a total of 95 specimens.

None of the ETD(C) veneer samples were damaged as a result of the debonding
procedure. Removal of metal brackets by all techniques tested, lead to the following rates of
damage: ETD(M) 3 (13%); Howe pliers 5 (21%); LODI 8 (35%). All sites involved damage
which would warrant refinishing of the veneer. In only 3 cases were the samples damaged
to a point where replacement of the veneers may have been necessary in a clinical situation

due to esthetics. All 3 cases were from the Howe plier group.
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Comparisons

Table 2 lists results of the veneer thickness, ARI, rate of damage for each of the four
experimental groups, as well as the pulp temperature increase for the ETD™ groups. Veneer
thickness was recorded at five specific locations (the average of the five measurements for
each sample), and there was no significant difference (p<0.05) between groups as determined
by an analysis of variance (Appendix 4).

The ANOVA followed by a Scheffé analysis determined those pairs of groups
significantly different (p < 0.05) for ARI and veneer damage. Analysis of the ARI values
(Table 2) indicated that ETD(M) had significantly greater resin remaining on the bracket base
following debonding than metal brackets debonded with Howe pliers or LODI. ARI scores
for ETD(M) was also significantly greater than that for electrothermally debonding ceramic
brackets. There were no significant differences between any other pairs. ETD(M) had the
greatest amount of resin remaining on the bracket (80%) and Howe pliers the least (27%).
Comparison between resuits of ARI methods confirms the reliability of estimated values for
either bracket or veneer (see Appendix 2).

Comparison of vencer damage between groups showed that ETD(C) was significantly
different than debonding with LODI (p<0.05), but that there was no difference between all
other pairs. Clinically identifiable veneer damage was observed via x20 magnification, and
occurred with an incidence of 35% for the LODI group, #:&i;wed by Howe pliers at 21% and
ETD(M) at 13%. ETD(C) had no cases of veneer damage. These values were both clinically
and statistically significant. Typical veneer damage involved regions of thin avulsion fractures

as illustrated in figure 2.
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There was a significant difference (p<0.05) between changes in temperature at the
pulp wall of electrothermally debonded ceramic brackets (3.55°C + 1.20°C) and metal
brackets (6.55°C + 3.81°C). Threshold temperature for irreversible pulp damage was
exceeded by 8% of the ETD(C) group and 48% of the ETD(M) group (p<0.05). This has
clinical significance in that ETD(C) runs a minimal risk of causing pulp damage, while
ETD(M) may cause such damage approximately one half of the time.

Sites of failure at debonding are summarized according to group in Table 3. The site
of bond failure for the ETD(C), Howe plier and LODI groups was at bracket/resin interface
approximately one half of the time, and split between the veneer/resin site and cohesively
within the resin the remainder of the time. ETD(M) specimens demonstrated failure at the
veneer/resin interface in 77% of cases, with the remaining cases failing at the bracket/resin
interface and cohesively at similar rates. Application of the ANOVA followed by a Scheffe
analysis demonstrated significant differences between groups for all failure sites.
Bracke'resin and veneer/resin faitures essh demonstrated significant differences between
ETD(M) and Howe pliers, LODIL, ETD(C). Cohesive resin failires demonstrated significant

differences only between Howe pliers and ETD(M) and LODL

Table 3: Failure )
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Figure 2. Typical ceramic veneer avulsion fracture (repairable) due to debonding of metal

brackets.
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Figure 3. Irrepairable ceramic veneer avulsion fracture and cracking due to debonding of

metal brackets with Howe pliers.
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2.4 Discussion
Veneer Damage

This study examined surface damage incurred by ceramic veneers during debonding
of orthodontic brackets. A relatively constant veneer thickness was established, with no
significant difference between groups [mean of 0.50 + 0.06 mm (p<0.05)]). The refractory
die technique of veneer fabrication allows the veneer thickness to be checked only once
complete, but less distortion occurs than with platinum foil technique.'*"?

The present study included constant veneer thickness to preclude fractures due to
differences in bulk of material. Veneer damage was associated with all three techniques of
debonding metal brackets. Surface darage was identified as any avulsion fracttre o crack
of the vencer. The majority of these r.efects, although detectable to the unaided eye, would
be considered slight and could be easily refinished/polished with diamond impregnated
polishing wheels and paste. It was determined that 3 of the defects, all from the Howe plier
group, were severe encugh to possibly warrant clinical replacement of the restoration. Such
damage is evident in figure 3. Mechanism of action for the Howe plier is to distort the
bracket base to the point that the mechaniesl retention with the resin is broken. The clinical
forces involved are the least consistent when compared to other debonding techniques.
Although the LODI produces a greater overall rate of veneer damage the extent of damage
is less severe and consistently repairable.

ETD(C) was not associated with any veneer damage, while debonding metal brackets
produced results as follows: ETD(C) 0%; ETD(M) 13%; Bbwe pliers 21%; LODI 35%.
This may indicate that tensile forces are potentially more damaging than shearing or peeling

.........
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forces. Debonding with Howe pliers produces a shear peel force, while the LODI produces
a tensile force. ETD™ is generally associated with a torquing force during bracket removal.
A previous investigation found that tensile forces applied to resin disks bonded to ceramic
veneers produced veneer fractures in all cases.!® The current investigation also observed this
trend, though not to the samu magnitude.

Site and izode ©f hond failure may also determine the degree of veneer damage that
should be expected. Electrothermal debonding tends to occur when the resin beneath the
bracket has been sufficiently denatured. The difference in sites of failure between metal and
ceramic brackets may be attributed to bracket design and materiai coraposition.

The Starfire® ceramic bracket has a smooth base and relies on chemical interaction for
its adhesion, whereas metal brackets have a meshwork pad wbich ¢nables mechanical
adhesion to occur. Thus, if the ETD™ acts by denaturing the chemical composition of the
resin, it might be expected to result in significant failure of ceramic bracket adhesion at the
bracket/resin interface. Indeed, this was the site of failure 52% of the time for ceramic
brackets and only 13% of the time for metal brackets. Metal brackets failed at the
veneer/resin interface at a rate of 77%, possibly due to a chemical denaturing of the resin at
that site while still maintaining the mechanical link at the bracket/resin interface. This finding
is similar to that of Rueggeberg and Lockwood'®, who found that debonding metal brackets
at room temperature. produced failure rates 80% at the bracket/resin interface and 20% within
the enamel, compaied to 187°C where the site of failure shifted toward the tooth/resin
interface in 70% of cases. For 22 of 24 samples in ETD™ (M) group it was observed that

site of failure at the venees/resin interface occurred at a centralized location corresponding
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to the area adjacent to the greatest heat application. Electrothermally debonding ceramic
brackets from enamel have been shown to occur at the bracket/resin interface in 80% of
cases.® A proposed explanation is that the site of failure involves the silane layer, either with
its reaction with ceramic or resin. Studies have suggested that site of failure will vary
between different types of ceramic brackets.2! It appears that such differences may be due to
varying means of retention (ie. chemical versus mechanical versus chemical/mechanical).
ARI was determined using three separate techniques, all of which produced similar
results. One of these systems utilized a computer software package which relied on input
based on an operator's estimate of 'best fit'. Cost-benefit analysis of the highly specialized and
expensive Optimas™ program suggesis that the results it provides are not any more accurate

than ARI techniques previously utilized.'*'>*

Intra-pulpal Temperature Increase

The objective of the second part of the study was to determine the (zmperature
created at the buccal wall of the pulp as result of ¢-bonding. Sheridan & +#!® have
determined that temperatures involved with the ETD™ are safe to the pulp, with increases
being less than 1°C if a water spray was used. Brouns ef al® reported that the average pulp
temperature rise for debonding ceramic brackets varies from 1.1°C to 5.2°C depending on
type of electrothermal debonder used. In the present study, ETD(C) occurred with an
intrapulpal tessperature rise of 3.5 + 1.2°C, while metal bracket remova! occurred with a
temperature increase of 6.5 + 3.8°C. The presence of a large variation is recognized for metal

brackets. This can only be exp'##r>3 %5 2 small number of outliers which were heyond 2
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standard deviations. It is recognized that the temperature noted by Zach and Cohen® as the
threshold for pulpal damage was 5.5°C in primates. While the ETD(M) may have resulted
in fewer cases of veneer damage, the thermal insult must be examined with respect to the
potential for inflicting injury to the pulp and possible delamination of the veneer. The metal
bracket group had 11 of 24 samples (46%) exceed the threshold temperature, while only 2
of 24 (8%) in the ceramic bracket group exceeded this level. A possible explanation inay be
due to differences involved between mechanical and chemical means of adhesion and méterials
involved. The ceramic bracket tends to act as an insulator, permitting a gradual temperature
increase to occur until failure at the bracket/resin interface.

Since bracket/resin interface and cohesive failure account for 70% of sites involved
with ETD(C) greater amounts of resin remain on the tooth, providing a further insulating
factor. Metal brack.ts conduct heat and may result in greater temperature diffusion through
the resin material before failure occurs at the veneer/resin interface. Since it #}-,¢ars that a
greater degree of heat may be present at the veneer surface, pulp temperatures may increase
accordingly. The debonding temperature associated with Rely-A-Bond™ at the tooth/resin

interface has been confirmed previously as 154°C.>*

Future Investigations

"A" Company has recently developed an updated version of the ETD™ which
operates by AC electricity versus batteries. Dentaurum® has recently discontinued their line
of electrothermal debonders. Future investigations should utilize the new "A" Company

model to measure heat produced at the tip, intrapulpal temperature increases, and time
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required 1o debond. The sites of failure associated with different bonding materials and
different esthetic brackets should also be pursued. Effects of microetching with and without
the use of hydrofluoric acid on ceramic veneers should also be investigated. Comparisons

of debonding techniques should also include debonding pliers.

2.7_Conclusions
The first purpose of this study was to compare the efficacy of three different

debonding techniques of debonding orthodontic brackets from ceramic veneers without
damaging veneer surfaces. Results indicated that all forms of debonding metal brackets
produced sume degree of veneer surface damage. Rates of veneer damage were 13% with
ETD™(M), 21% with Howe pliers, and 35% with LODL. No damage occurred in association
with ETD™(C).

The second purpose of the study was to determine whether pulp chamber temperature
increases associated with electrothermally debonding either ceramic or metal brackets
exceeded the previously published threshold level of 5.5°C for primates. Results indicated
that the mean temperature increase associated with ETD(C) is 3.5°C and that of ETD(M) is
6.5°C. Only 8% of ETD(C) samples exceeded the threshold while 48% of ETD(M) samples
exceeded the threshold. Electrothermal debonding of ceramic brackets from ceramic veneers
appears to be a safe procedure, both in terms of avoiding veneer damage and pulpal
temperature increase exceeding the threshold for developmént of pulpal pathosis. However,
electrothermal debonding of metal brackets without air or water coolant appears to he

damaging to both veneer surfaces and potentially to the pulp.

N ceroni Dibonding: Effccton Ceramic Vences aad Deutal Pulp Chapter Two



73

The practicing orthodontist may be presented with situations requiring bonding of
brackets to ceramic veneers. Both ceramic brackets treated with silane and metal brackets
will provide a reliable and predictable bond to ceramic surfaces, when treated with silane. The
results of this study suggest that metal brackets cannot be predictably debonded witkout
producing either veneer damage if debonded mechanically or electrothermally, or potential
pulp damage if debonded electrothermally. Ceramic brackets may be removed withcut
causing either veneer or pulpal damage if debonded electrothermally. The current
recommendation for bonding to a ceramic veneer is to place a ceramic bracket which may be
subsequently electrothermiflly debonded. Metat beacket removal should be accomplished

with a lift off debonding instrument followed by careful removal of restdual resin and

refinishing/polishing of the veneer.
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3.1_General Discussion

Developments in materials sciences have resulted in restorative options such as
porcelain veneers, requiring minimal tooth reduction and providing good long-term esthetics
and function. The introduction of bonding into dentistry brought with it not only the benefits
of exceptionally high quality esthetics, but also previously inexperienced problems with
technique sensitive materials. One such problem, related to orthodontics, has been bonding
to surfaces other than enamel. Developments such as micro-etching, acid etching,
intermediate resins, and silane primers have all contributed to improved bonding of
orthodontic brackets to restorative ceramics and metals. Although much previous work has
been completed with regard to bracket bond strength, ceramic damage with debonding, and
ETD™ effects on the pulp, few studies have involved ceramic veneers. Previous research
may be criticized for making conclusions about dental ceramics in general, when methodology
may have involved different types of ceramics of varying thicknesses. Studies evaluating bond
strengths have consistently used an Instron testing apparatus, usually applying either shear or
tensile forces. Although such data are important for in vitro comparisons between groups,
it does not closely represeat clinical conditions or technicues. This study utilized clinical
debonding techniques, assuming that previous in vitro findings have been accurate. A
continually repeated question in orthodontics today is, "What is the most appropriase xreiand
of debonding ceramic brackets from ceramic veneers?". The present study has investigated
this question, fooking specificaily at veneer surfaiy femirge, and pulpal temperature changes
associated with electrothermal debonding.

An attempt was made to maintain a research design with as high a level of integrity
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as possible. A critique of the design leads to positive suggestions in a number of areas, which
should be considered for future studies. The sample size estimate was determined by a review
of similar types of studies appearing in the literature. Although each experimental group in
this study had an n=(24) much higher than the average found in the literature (n=13), it could
have been somewhat larger itself. An n=30 would be considered statistically much stronger,
while optimally one would strive for 40-50 per group. In this particular case the pilot project
was utilized primarily to determine correctness of protocol and armamentarium, not to
determine sample size.

The current investigation attempted to control a number of factors which were
subsequently presumed to be constant. Despite this, several sources of error exist in the
methodology. Ninety-six extracted maxillary first bicuspids, free of restorations and caries,
made up the experimental population. The statistical strength of the study was possible due
to adequate numbers within each experimental group. Optirssi*v. it would be desirable to
include as many bonding materials and deb;ndmg techniques .. m“»:féi'zie. Techniques omitted
were debonding pliers and cutters. However, availability of specimens, lime, and funding
limit the parameters of any investigation.

Teeth restored with ceramic veneers in contzmporary practice most often eslode
maxillary anteriors and first bicuspids. An attempt was made to select specimens with crowns
of similar size and shape. Each specimen had a standardized tooth preparation carried out by
a single prosthodontist. However, a potential source of error in évaluating intra-pulpal

temperature changes was the difference in remaining tooth structure (enamel and dentin)
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between samples. Specimens were collected from a number of sources, and no differentiation
was made according to age of the donor. Wheeler' noted that a pulp cavity may be large, as
in young individuals, or it may be shrunken and constricted by excessive formation of
secondary dentin; or there may be calcification within the pulp tissue itself. Although the
thickness of the veneer was controlled, that of the remaining tooth structure was unknown.
Thicker specimens in the ETD(M) group may have presented with lower than average
temperature rises, while thinner specimens may have experienced higher than average
temperature rises due to differences in ‘insulation'.

Randomization of teeth into treatment groups resulted in partial blinding of the
project. Codes identifying treatment conditions for the metal bracket groups were not
revealed until the time of debonding. Thus, at the time of bonding, the clinician was aware
of only one treatment group — that involving ceramic brackets. Bonding occurred a group
at a time to ensure identical thermocycling conditions. Following thermocycling and just prior
to debonding, codes identifying treatment groups were broken. A purer method would have
been to randomize samples between groups prior to thermocycling. However, it was desired
that all samples be stored for similar time periods after bonding prior to thermocycling and
debending in order to avoid creating a non-constant variable of storage time.

Veneers were seated into position on the tooth by a single operator using dual cured
bonding resin. In one case the operator questioned whether accurate seating of the veneer
had occurred; that sample failed during subsequent procedures. All other specimens were

assumed to have been uniformly bonded.
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Ceramic veneers were fabricated by a commercial laboratory using the refractory die
technique. This technique has become the industry standard due, in part, to the accuracy of
fit of the final product. However, a drawback with respect to the current investigation was
the need to have a constant veneer thickness. Ceramic thickness cannot be determined until

the restoration has been completed. Protocol mquned that the mid-buccal surface of the

veneer have a mean thickness of 0.5 mm, as mm: y wa crown and bridge caliper.

| Wges then combined to obtain

mean of 0.50 + 0.06 mm. Reproducibility was determined within the previously conducted
pilot project. Pilot project trial results indicated high degrees of intet- and intra-operator
reproducibility.

A single operator bonded all orthodontic brackets to veneers with a standardized force
(400 gm). However, differences in contour of the buccat surfaces of the veneers may have
Jed to «+# nces in resin thickness beneath individual brackets. Knoll ez af.? noted that
regic: ++# . <er resin result in greater polymerization shrinkage and internal stresses due to
differences . coefficients of thi:axs! expansion/contraction.

Products used in the bonding process were constants: Porcelock™ Porcelain Etching
Solution (2.5% hydrofluoric acid), 3M Scotchbond™ (silane agent), and Rely-a-bond® (no
mix orthodontic adhesive). The majority of studies in the literature have used 9.6%
hydrofiuoric acid. However, a common criticism relates to the potential hazards of using such
a concentrated solution intraorally. In SEM studies, Porcelock has been observed to produce

extremely micro-porous surfaces,® and shear bond strength to ceramic surfaces of 12.40 +
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3.04 MPa.* Other product combinations may be as effodi¥#, but would necessitate an

investigation much larger in scale. It may be that various b atktév/silane/resin combinations
produce widely varying intra-pulpal temperatures with ETD™. Definitive results could
provide recommendations regarding the most desirable combinations to achieve debonding
temperatures safe to the pulp. Actual bond strengths were not me2suned in the current study,
keeping debonding techniques as clinically relevant as possible. A procedure not included in
the protocol of most bonding/debonding studies is use of the micro-etcher. Its use has been
recommended to bond to most contemporary restorative materials.’ Zachrisson and
Buyukyilmaz® noted that etching of glazed porcelain produces less prominent
micromechanical patterns than micro-etching by aluminum oxide sandblasting. In addition,
micro-etching does not produce nifcrofractures as occurs with mechiiiésgrinding with a
green sione. Zachrisson’ reported bond strengths of 11.9 MPa associated with micro-etching,
silane and All-Bond2 intermediate resin, and 11.8 MPa with micro-etching and silane (and
bonded with Concise resin). Suliman et al.” determined that micro-etching was not as
effective as mechanical roughening combined with hydrofluoric acid eiching for porcelain
repair systems. The current investigation did not include micro-etching in the protocol, but
would recommend future studies do so.

Zachrisson® stated that it is essential for bonding/debonding studies to include
thermocycling as part ¢f the experimental protocol. He suggested that a minimum of 500
cycles between the temperatures of 5°C-55°C are required 2 7ealistically simulate

temperatures in the oral environment. Previous investigation have supported this view and
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included thermocycling as part 6f Uiir experimental procedure.*! The rationale for including
thermocycling in experimental protocol is to simulate the extreme intra-oral temperatures
normally tollerated. Selected early cases found no significant difference in the bond strength
of glazed and daglazed ceramics following thermocycling of samples.” However, this is in
contrast the majority of more contemporary studies which have found thermocycling to

" reduce the bond strengths of silane systems.''*!5  The current investigation satisfied the
criterion of thermocycling, having been alternated 750 cycles between 5°C-55°C. A review
of previous investigations determined that the bord strength is decreased not only by
thermocycling but also by long-term storage in water.'® Therefore, once brackets were
bonded, the current study permitted storage for a period of only 12 hours (at 37°C) prior to
thermocycling, and then 24 hours prior to debonding. |

The consistency of temperature produced by the ETD™ tip was questioned prior to
conducting the experiment. To determine the presence of any such variation, EYD™
batteries were fully charged and the temperature at the debonding tip recorded for as many
trials as the life of the battery would permit. Recordings were made following 5 second tip
activations for each of two batteries, and then again following 10 second tip activations for
each of the two batteries (Appendix 2). Mean temperatures produced following both 5 and
10 second ETD™ activations were found to be consistent when batieries held adequate
charge. The ETD™ unit provides an audible warning signal when the battery charge is
inadequate. At S second intervals battery #1 had a mean of 184.8 + 5.4°C with a minimum

of 172.8°C and a maximum of 201.3°C (135 trials), while battery #2 had a mean of 183.2 +
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5.1°C with a minimum of 170.3°C and a maximum of 195°C (116 trials). At 10 second
intervals battery #1 had a mean of 214.9 + 6.5°C with a minimum of 193.4°C and 2 maximum
of 229.8°C (107 trials), while battery #2 had a mean of 211.5 + 5.6°C with a minimum of
197.1°C and a maximum of 223.4°C (97 trials). Although at the time of writing the newly-
developed alternating current ETD™ model is only in a prototype, it is expected to have
much more consistent debonding temperatures than the battery-operated model.

The current study found mean intra-pulpal temperature increases of 3.5°C and 6.5°C
associated with ceramic and metal brackets respectively. These were compared to the
threshold temperature of 5.5°C where irreversible pulp damage has been reported to occur.
It has been suggested that the possibility of pulpal damage may be minimized by using no-mix
resins systems, since they demonstrate a lower mean debonding temperature than do two-
paste systems.' In addition, it has been shown that as the organic filler content of the resin
decreases, the debonding temperature also decreases. Rueggeberg and Lockwood™ noted
that no-mix resins are less fully cured than two-paste systems, so require a lower temperature
for debonding. This being the case, clinicians would be wise to use a no-mix system over a
two-paste system of similar filler content. Sheridan* deomonstrated that use of water spray
as a coolant immediately following the electrothermal debonding procedure minimizes the
intrapulpal temperature rise to 0.8°C.

Few studies have recorded debonding forces associated with the ETD™. Although
the mode of action relies on resin denaturing to create bond failure, there is a twisting/tensile

force involved with the process. As individual bond strengths vary, so will the clinical forces
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necessary for bracket removal. This was a component of the investigation impossible to
control, not only for the ETD™ but also for the Howe pliers. An attempt was made to
maintain as constant a debonding technique as possiblz, for all procedures.

Clinical recommendations are based on the findings of the current investigation. When
the orthodontist is faced with the situation of bonding to a ceramic veneer he/she must
consider whether a single unit or multiple restorations are involved. The presence of multiple
restorations magnifies the importance of the decision regarding the types of materials and
instruments used to bond and debond. Should debonding result in physical damage to one
of two (or more) neighbouring veneers, it is sometimes very difficult to recapture the original
esthetics. Conspicuous cracks or fractures occurring within ceramic veneers are obviously
complications which should be avoided if at all possible. Results of this study indicate that
the bracket of choice when bonding to veneers would also be ceramic. There were no
venecers damaged as result of clectrothermally debonding ceramic (Starfire®) brackets, while
damage was associated with each of the three methods of debonding metal brackets. The
method with the highest rate (35%) of veneer damage was the LODI. However, all cases of
damage (8) were minor in nature, and could be refinished to a clinically acceptable result with
diamond impregnated polishing disks. Howe pliers had only S cases (21%) of veneer damage,
but three of the five were conspicuous in nature. At least one veneer would have been
replaced in a clinical situation while the other two would depend on the position and visibility
in the mouth, with refinishing being a possible resuit. ETD(M) was associated with three

casés (13%) of veneer damage, all minor in nature and repairable. The prudent clinician
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should be aware of the risk associated with debonding metal brackets, but that the rate of
irreparable damage is small (1-4% in this study). They should be more concerned with the
occurrence of temperatures beyond the threshold where irreversible pulpal damage transpires
(5.5°C). The mean intra-pulpal temperature increase for metal brackets was 6.5°C with
temperatures elevated beyond the threshold level in 45.8% of cases. Ceramic brackets had
an intra-pulpal temperature rise of 3.5°C, with only 2 cases (8%) reaching the threshold level.
One of these cases demonstrated a 5.5°C increase and the other a 5.7°C increase. Therefore,
the risk involved with electrothermally debonding ceramic brackets is essentially nil.

The current study tested two main hypotheses. The first was that there was no
difference in the incidence of veneer damage resulting from debonding techniques used for
ceramic or metal brackets. This hypothesis must be rejected since electrothermal debonding
of ceramic brackets produced no vencer damage, while all three debonding techniques tested
with metal brackets resulted in dainaged veneers. The second hypothesis was that there was
no difference between the intrapulpal temperature produced by electrothermal debonding
metal or ceramic brackets. This hypothesis was also rejected since ceramic brackets
debonding produced temperature rises below the threshold for irreversible pulpal damage,
while metal bracket debonding produced temperature rises above the threshold.

In summary, clinicians faced with bonding to ceramic veneers should utilize ceramic
brackets, etch with hydrofluoric acid, use a silane primer and no-mix resin, and debond

electrothermally. Once bracket removal is complete, remaining resin is removed and the

veneer re-finished as required.
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3.2 Recommendations for Future Studies

1.

Shortcomings of the ETD™ have resulted in re-design of the instrument. The latest
prototype has all mechanical compoients built into the handpiece which is now
powered by alternating current. Although the debonding tip is still engineered to fit
only Starfire® brackets, it has been made safer with the addition of a third wall, to
reduce the risk of unintentional release of a bracket. This new inétrument has the
potential for more consistent performance at what has been reporied to be a higher
temperature. It is doubtful that higher temperatures are required for debonding. Any
'major change in temperatures generated by the latest generation instrument should be
evaluated in a manner similar to the present study.

Debonding tip(s) should be modified to fit various ceramic brackets. Evaluation of
ETD™ on different bracket types could lead to preferred bracket/silane/resin
combinations for bonding to ceramic veneers.

Tooth/veneer samples subjected to ETD™ should be examined for any denaturing or
weakening of the bond at the enamel/ceramic interface. Based on the findings of this
study, one may speculate that ETD(C) would have no significant effect, while
ETD(M) may produce some weakening, due to the different sites of failure.
Investigation into average dentin thickness for virgin teeth of various ages may assist
in determining debonding temperatures/times deemed to be safe to the dental pulp.
This could lead to guidelines for use with a consistently performing ETD™.

Armamentarium of the current study could be modified to include pressure

Mechanica! and Electrothermal Debonding: Effect on Ceramic Veneers and Dental Pulp Chapter Three



88
transducers to measure various debonding force vectors which may be associated with
ETD™ or LODL
In vivo investigations relating to inflammatory pulpal responses produced by the latest
generation ETD™ could observe the results of debonging various bracket/silane/resin
combinations from bicuspids scheduled for orthodontic extraction.

The effect of micro-etching ceramic veneers prior to HF application should be
examined with reference to subsequent veneer damage at the time of debonding. The
micro-eicher should also be evaluated for its ability to remove residual resin from
ceramic veneers following bracket debonding as compared to other clean-up
procedures (sotary instrumentation, debonding pliers, etc.).

Debonding techniques involving the application of cold (versus heat) should be
developed and investigated to assist in understanding whether ETD succeeds by

differences in coefficients of thermal expansion or by denaturing the bonding resin

itself.
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Legend of Abbreviations:

C3.0:

C4.5:

C6.0:

(ARI BRACK) ARI Bracket:
(ARISCORE) Bracket score:
(VENSCORE) ARI Tooth:
BR:

CO:

VR:

Treatment groups:

midline of veneer, 3.0 mm from its occlusal surface

midline of veneer, 4.5 mm from its occlusal surface

midline of veneer, 6.0 mm from its occlusal surface
percentage of bracket base covered with resin (Optimas)
estimation of bracket base covered with resin (as per Gaffey)
estimation of resin remaining on veneer (as per Bishara)
bracket/resin site of failure

cohesive failure within resin

veneer/resin site of failure

B = Howe Plier group

D = LODI group

ETD (C) = electrothermally debonded ceramic bracket group
ETD (M) = electrothermally debonded metal bracket group

Medumellandﬁlmml)ebondmg E&eaonCamicVemMMPmp. Appendices



Appendix One

Veneer Thickness Measurements
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Operator: CTL _
Sample C30 c45 C6.0 L R
1 0.5 0.5 05 . 0.5 . 0.5
2 0.5 04 0.4 los |os
3 0.6 0.5 0.5 0.5 0.5
4 0.6 0.6 0.6 0.5 0.5
5 03 03 0.3 0.5 05
6 0.7 0.6 0.6 0.6 0.6
7 0.5 0.5 0.5 0.5 0.4
8 0.5 05 0.5 0.5 0.4
9 03 03 03 0.3 0.5
10 0.4 03 03 03 0.3
11 0.5 0.4 0.4 |04 0.4
12 o3 04 03 0.5 0.5
13 0.5 0.5 0.5 0.5 0.6
114 0.5 0.5 05 0.4 0.6
15 0.5 0.5 0.5 {04 0.5
16 0.4 0.4 0.4 0.4 0.6
17 05 0.5 0.5 0.5 0.4
18 0.5 0.4 03 0.4 0.3
19 0.5 0.5 0.5 0.5 0.5
20 0.5 0.5 0.4 0.3 0.5
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp ‘Appendix One




93

Operator: CTL

Sample C3.0 C45 C6.0 L R
21 0.5 0.5 0.5 1os 0.6
22 0.5 0.5 0.5 0.4 0.5
23 0.5 0.5 0.5 0.5 0.5
24 0.5 0.5 0.5 1os 0.5
25 0.5 0.5 0.4 03 0.7
26 0.6 |06 1os los 0.6
27 0.5 0.5 0.5 0.4 0.5
28 0.5 05 0.5 0.5 0.5
29 0.6 0.5 0.4 0.5 0.5
30 0.6 0.5 0.5 0.5 0.5
31 0.6 0.5 0.5 05 0.6
32 0.7 0.7 0.6 0.6 0.6
33 0.5 0.5 0.6 0.5 0.5
34 0.5 0.5 06 0.5 0.5
35 0.6 0.5 0.4 0.5 0.5
36. 0.5 0.5 0.5 0.5 0.5
37 0.5 0.5 0.5 0.5 0.5
38 05 0.5 0.5 0.5 0.5
39 0.5 0.6 0.5 0.5 0.6
40 0.5 0.5 0.4 03 0.5
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Operator: CTIL

Sample C3.0 C4.5 C6.0 L R
41 04 0.5 04 0.5 0.4
42 0.5 04 0.5 0.5 0.4
43 04 05 0.5 0.5 0.5
44 0.5 0.5 0.5 0.4 0.5
45 03 04 0.5 04 0.3
46 0.6 0.7 0.6 0.7 0.7
47 0.6 0.5 0.6 0.5 0.6
48 0.5 0.6 0.6 0.6 0.7
49 0.6 0.7 0.7 0.6 0.7
50 0.6 0.6 0.6 0.5 04
51 0.6 0.5 0.5 0.5 0.5
52 0.5 0.5 0.5 0.5 0.5
53 0.6 0.6 0.5 0.6 0.7
54 0.5 0.5 0.5 0.6 0.5
55 0.5 0.5 0.5 0.6 0.6
56 . 0.6 0.6 0.5 0.5 0.5
57 0.5 0.5 0.5 0.5 04
58 0.5 0.5 0.5 0.5 0.6
59 0.5 0.5 0.5 0.5 0.5
60 0.7 0.7 0.5 0.5 0.7
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Operator: CTL

Sample C3.0 c4s C6.0 L R
61 0.7 0.5 0.5 0.5 0.5
62 0.5 0.5 0.5 Jos 0.5
63 0.4 o3 03 03 0.4
64 0.5 0.5 0.5 0.5 0.5
65 0.5 0.5 0.5 0.5 0.5
66 0.5 0.5 0.5 05 0.5
67 0.5 0.5 0.5 0.5 0.5
68 0.6 0.6 0.6 0.4 0.6
69 0.5 0.5 0.5 0.5 0.5
70 0.4 0.5 0.5 0.4 0.4
71 0.5 0.5 0.4 0.4 0.5
72 03 {03 03 o3 0.5
73 0.5 0.4 0.4 03 0.4
74 0.5 0.5 0.5 0.5 0.4
75 0.5 03 0.4 02 0.4
76. 0.5 0.4 0.4 0.4 0.4
77 0.2 02 03 0.2 0.4
78 0.5 0.5 0.5 0.5 0.5
79 0.5 0.5 0.5 0.5 0.5
80 0.5 0.6 0.6 0.5 0.5
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Operator: CTL .

Sample C3.0 Cc45 C6.0 L R
81 0.5 0.5 loa 0.5 0.4
82 0.5 0.5 los 0.3 0.3
83 0.5 0.5 0.5 lo3 105
84 0.5 0.4 0.4 03 02
85 0.5 0.5 0.5 05 0.5
86 0.5 0.5 0.5 0.5 0.5
87 0.4 04 03 0.2 {04
88 0.6 0.5 04 03 0.:6
89 0.5 0.5 0.5 0.4 0.3
90 0.5 0.5 05 0.4 0.5
91 0.5 0.5 {os 0.5 0.5
92 0.6 0.5 0.5 0.5 0.6
93 0.5 0.5 0.5 0.6 0.5
94 0.4 0.4 0.4 0.4 0.4
95 0.5 0.5 0.5 0.5 0.5
96 0.5 0.5 0.5 0.5 0.5
97 0.6 o6 0.5 0.5 0.6
98 0.4 0.4 0.4 0.4 0.3
99 0.5 0.5 0.5 0.5 0.6
100 0.4 0.5 0.5 0.4 0.5
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Operator: CTL o ,

Sample C3.0 C4.5 C6.0 L R
101 0.5 0.5 0.5 0.5 |05
102 0.5 0.5 0.5 0.4 |05
103 0.6 107 0.6 0.7 0.5
104 0.5 |06 0.7 0.5 0.6
105 los 0.5 0.5 0.5 o3
106 0.5 los 0.5 0.7 Hos
107 0.5 0.5 0.5 0.5 0.5
108 lo4 0.5 0.5 0.3 103
109 0.5 0.6 0.7 0.6 07
110 0.5 0.4 0.4 0.5 0.5
111 0.5 0.6 0.6 0.5 0.5
112 0.5 0.5 0.6 0.6 0.4
113 0.5 0.6 0.6 05 0.6
114 0.5 0.5 0.7 0.6 0.6
115 0.5 ﬁJ 0.5 0.5 0.5 0.6
116 0.6 106 0.6 0.6 0.6
117 0.5 0.5 0.6 0.5 0.6
118 0.5 0.5 0.5 0.5 0.5
189 0.5 0.5 0.6 0.6 0.5
120 0.5 0.6 0.6 0.5 0.5
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Data Collection Table

Veneer Thickness
ARI (Bracket)
ARI (Tooth)
Veneer Damage
Temperature Increase
Treatment Group
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Data Collection Table
1 No 0.5mm lf* . 34.77 paders .
' %
2 No 0.4 mm 2 714 |3 5%3: yrevesdie 1 D
3 No {1 0.5 mm - - - - Control
4 No 0.6 mm 2 8952 |# 9223‘; - 3.1°C ETD (M)
5 No 0.3 mm 1 2302 |3 ;g:;g - 4.4°C ETD (C)
6 No 06mm |2* 842 {2 fg:gf - - B
. 5%VR
7 No 0.5 mm 2 3379 |? 33:3}: - - | B
$5%Co
8 No 0.5 mm 2 8353 |3 ;g:g: - 1 5.7°C ETD (C)
9 No 0.3 mm 3 100.00 3‘m - 3.5°C ETD (M)
10 No 0.3 mm 3 10000 |* 9;:(‘:’: - - D
11 No 0.4 mm 2 6635 |2 m - 2.7°C ETD (C)
S%VR
12 No 0.3 mm - - - - Control
13 No 0.5 mm 1* 240 |! 9;‘:3% - - B ‘
14 No 0.5 mm 2 82.00 3‘1‘(‘,’;&“ - 9.1°C ETD (M)
80%VR
15 No 0.5 mm 1* 18.69 |2 45?'.;2: - - B
10%VR
16 No 0.4 mm 2 9495 |3 g:s; - 3.8°C ETD (C)
S%BR
17 No 0.5 mm 2 8747 {3 .ﬁ:ﬁ; - - D
18 No 0.4 mm 1 1135 |2 932;': - 1.9°C ETD (C)
19 No 0.5 mm - - - - Control
20 No 0.5 mm 2 8690 | 955;‘3’0“ - 7.6°C ETD (M)
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ARI
Bracket
1* 43.67 | 2 S0%BR - D
50%Co
22 No 0.5 mm 1*3532 |! g:g: yirovenle | B
1 | s%vR
23 No 0.5 mm - - - - Control
24 No 05mm | 1*26.51 |! m - - B
. SBVR
25 No 0.5mm | 1%13:69 {23%B8R | y=e=he | D
] 10%VR
26 No 0.6mm |- . - Control
27 No 0.5mm |1 19.97 | 3Bk . 8.8C |ETD(M)
25%VR | . » .
28 No 0.5mm | 1%31.12 [13XBR | yweeeki | B
29 No 0.5 mm 1 438 |2 922;:‘ - 2.5°C ETD (C)
30 No 0.5 mm - - - - | Control
31 No 05mm |1 3615 |13 |- 2.5°C | ETD(©)
32 No 0.7 mm 2 97.72 |4 9323; - 4.9°C ETD (C)
33 No 0.5 mm - - - - Control
34 No 0.5mm |{1%1522 |} 3%BR . - D
35 No 0.5 mm 2%75.79 |2 ;’g:g‘; yerebe | D
36 No 0.5mm |2 8839 7oAV . 64°C | ETD (M)
15%BR
37 No 0.5 mm - - - - Control
38 No 0.5 mm 2%9252 |2 S’g:g: - - D
39 No 0.5 mm 3 9941 |3 100%R | 2.9°C ETD (M)
40 No 0.5 mm - - - Control
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Data Collection Table
_ Bracket - Damag
41 No 0.4 mm 1*13.77 | ? m yhevesble ) | B
42 No 0.5mm 1* 519 |} m - - D
43 No 0.5mm 1*11.27 | 2 ;’;’:3: - - B
15%Co
44 No 0.5mm 3 98.30 “955:“,’; - 3.0°C ETD (M)
45 No 0.4 mm 1*11.55 | 2 m - - B
10%VR
46 No 0.6 mm 2 7035 |2 m - 5.5°C ETD (C)
40%BR
47 No 0.6 mm - - - Control
48 No 0.6 mm 1 3331 41 fgg; - 1.2°C ETD (C)
49 No 0.7 mm 4 > Y -total | - D
50 No 0.6 mm 3 100.00 3‘8‘5% - 4.5°C ETD (M)
51 No 0.5 mm 1*12.28 | ! fg:g: - - B
52 No 0.5 mm - - - Control
53 No 0.6 mm 3 9844 |5 955;2’0" - 4.9°C ETD (M)
54 No 0.5 mm 1 3276 | ! gg:g: - 3.7°C ETD (C)
55 No 0.5 mm 1*19.06 |3 255‘""%3} - - D
25%VR
56 No 0.6 mm 1 436 |2 ;:g; - 3.5°C ETD (C)
57 No 0.5 mm - - - Control
58 No 0.5 mm 2 2062 |2 m yr®vmbe | B
. 10%VR
59 No 0.5 mm - - - Control
60 No 0.6 mm 2 91.37 “”5:3: yrevobe | §4°C | ETD(M)
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Data Collection Table
Treatment
v ‘ Group
61 No | 0.6 mm 12254 |} g’;&‘,‘ D
62 No 0.5 mm 3 93.38 “m - 4.8°C | ETD M)
63 No 03mm |1 26.15 | 7% . 25°C | ETD (C)
) 10%VR I |
64 No 0.5mm |2 8471 [*%ER |. 9.5°C | ETD (M)
65 No 05mm |1%*2552 |'75%8R |- - B
66 No 0.5mm |2 6677 |3%¥R |. 38°C | ETD ()
| 67 No 0.5 mm - - - Control
68 No 06mm |2 60.07 |3%BR | yreabl | . |D
20%Co
69 No 0.5 mm - - - - Control
70 No 0.5 mm 1 4586 |! 5’3:25 - - B
71 No 0.5 mm 2 4469 |3 m - - D
20%VR
72 No 03mm |1%2400 |1308BR | ymesk | 135C | ETD (M)
173 No 04mm | 1*21.50 |!85%BR | . - B
74 No 05mm |1 1262 |* %% |- 50°C | ETD(©)
75 No 0.4 mm - - - Control
76 No 0O4mm |2 5850 | *Z%ER . 50°C |ETD (M)
SOBVR .
77 No 1 0.2 mm 2 7853 13 ;6‘:3: - 5.2°C ETD (C)
78 No 05mm |1%2041 |3%%BR | - D
25%Co
79 No 0.5 mm - - - | Control
80 No 0.6 mm 1*18.98 |2 m - - | D
10%VR
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ARI
Bracket

82 No 0.5 mm - - - - | Control
83 No 0.5 mm 2 79.52 | MIER |- 2.3°C ETD (C)
84 No 04mm | 1%¥31.70 | ' 755BR ) - - B
85 No 0.5 mm 1% 17.80 | ! SEBR ) - - |B
86 No 0.5 mm 1% 2236 |2 0%0R yerenbe | - D

10%VR
87 No 0.4 mm - - - Control
88 No 0.5 mm 2 8542 | *1¥Ce |- 3.2°C ETD (M)
89 No 0.5 mm 1 9.15 |1100%BR |_ 2.7°C ETr (C)
90 No 0.5mm | 1*33.60 |30%BR | . - B

1S%VR
91 No 0.5 mm 2 63.92 | 330%R D Gitan i I D

5%Co
92 No 0.5 mm 1* 976 | 1 J0%¥% |- 7.4°C ETD (M)
93 No 0.5 mm 1*35.63 _3 %3& - - D |
94 - No 0.4 mm - - . Control
95 No 0.5 mm - _ - - Control
96 No 0.5 mm 1*21.32 | ! m - - B

S%VR _
97 No 0.6 mm 2 6044 |3 gzs; - 3.2°C _ ETD (C)
98 No 0.4 mm 2 75.78 | ¥ aonx Y™kt | 6.1°C ETD (M)
99 No 0.5 mm 1 1176 | ' 0%0e |- 3.3C ETD (C)
100 No 0.5 mm 2 9137 |3 ;::f,g yoeke | B
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101 No 0.5 mm 3 9894 |3 g:f,; - 4.7°C ETD (C)
102 No 0.5 mm 3 99,65 | S*100%VR | _ 1.9°C ETD (M)
103 No 0.6 mm 3 9853 | 4°100%VR | _ 17.2°C | ETD (M)
104 No 06mm |- - - Control
105 No 0.5 mm 1*732 |2 mgg - - B
106 No 0.5 mm 2 7124 |2 mg;‘ yrevenble - D

20%VR
107 No 0.5 mm 2 9399 |3 m - 3.9°C ETD (C)
70%VR
108 No 0.5 mm 1* 6.58 |! m - - B
109 No 0.6 mm 2 63.22 |3 22:;’: - 3.7°C ETD (C)
110 No 0.4 mm 1* 15.64 ‘gg:g: - - D
111 No 0.6 mm 1 42.58 3‘;‘:&" - 13.6°C | ETD (M)
40%VR
112 No 0.5 mm 2 50.71 |2 3323: yrovenble - D
33%Co
113 No 0.6 mm - - - - Control
114 No 0.6 mm 1 6292 é:g: - 2.5°C ETD (C)
115 No 0.5 mm 3 97.72 | 4*100%VR | _ 4.4°C ETD (M)
116 No 0.6 mm 1*25.18 ‘s’g:g‘ - - D
117 |No 0.5mm [1+39.38 |!308BR . - D
118 No 0.5 mm 3 98.87 | 4*100%VR | _ 6.1°C ETD (M)
119 No 0.5 mm - - - Control
120 No 0.6 mm 3 97.80 | 4 100%VR | _ 5.2°C ETD (M)
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Apgendix Chree

Electrothermal Debonder Temperature
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20.

21.
22.
23.
24,
25.

26.
27.
28.
29.
30.

31
32.
33.
34,
35.

192.5
179.0
187.9
183.1
181.5

191.2
188.4
171.7
181.1
170.3

. 187.7

187.5

180.7

173.6
187.0

190.4
185.1
185.4
186.0
187.7

185.7
193.3
1754
174.6
185.0

185.0
183.3
184.4
180.7
180.4

180.1
184.4
186.9
189.9
189.2

36.
37.
38.
39.
40.

41.
42.
43.
44,
45.

46.
47.
48.
49.
50.

51.
52.
53.
54.
55.

56.
57.
58.
59.
60.

61.
62.
63.
64.
65.

66.
67.
68.
69.
70.

185.5
179.8
172.4
183.2
177.5

191.0
188.8
187.6
188.5
178.0

178.8
181.8
183.1
186.9
180.0

179.1
185.2
184.9
184.4
179.0

183.0
190.2
180.1
191.2
190.7

182.1
176.4
171.5
187.6
184.2

181.7
185.5
185.5
178.3
183.6

7.
72.
73.
74.
75.

76.
71.
78.
79.
80.

81.
82.
83.
84.
85.

86.
87.
88.
89.
90.

91.
92.
93.
94.
95.

96.
97.
98.
99.
100.
101.
102.
103.

104.
105.

184.4
179.3
184.3
186.2
185.1

184.7
175.8
181.4
174.5
181.7

177.9
179.8
180.4
183.4
187.0

178.4
178.4
177.7
176.1
180.4

188.8
192.0
183.8
176.2
195.0

175.3
185.5
183.6
180.2
79.8

181.5
177.2
185.9
185.3
184.6

106.
107.
108.
109.
110.

111.
112.
113.
114.
115.

116.

Test #1 (Battery #2 Tip #1 @ 5 sec) 116 trials

183.2
188.2
181.5
187.6
177.6

178.5
183.2
186.1
186.6
195.0

1844

Average =21246.7/116 = 183.2°C
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X 1: ETD Temp Test series

Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count:
183.1612 5.1415 4774 26.4346 2.8071 116
Minimum: Maximum: Range: Sum: Sum of Sqr.: _ # Missing:
170.3 195 24.7 21246.7 3894611.19 |O
ETD Temp Test series
200. 2
195¢ -] 3
0 _§_
185
°C
180-
1754
1704 I
165 T
ETD Temp Test serles
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SORNA AW

(=4

26.
27.
28.
29.
30.

31
32.
33.
. 192.5
3s.

180.4
191.6
192.9
186.8
189.6

192.0
184.4
183.9
183.7

. 182.4

. 1859
. 184.2
. 186.0
. 190.4
. 193.6

. 194.9
. 182.7
. 186.8
. 188.9
. 190.4

. 184.1
. 184.3
. 187.6
. 201.3
. 178.7

185.1
191.9
189.8
179.5
189.1

189.3
1914
190.6

190.3

36.
37.
38.
39.

4].
42,
43,

45.

47.

49.
50.

51.
52.
53.

S55.

56.
57.
58.
59.

61.
62.
63.

65.

67.
68.
69.
70.

176.4
182.4
189.3
189.1
174.8

192.8
195.1
187.5
192.4
198.4

181.9
181.9
190.1
185.9
186.8

183.2
183.2
189.8
185.8
186.6

188.1
183.7
197.7
184.6
188.2

179.1
186.1
190.5
181.3
181.3

178.0
177.3
181.8
175.9
178.9

71.
72.
73.
74.
75.

76.
7.
78.
79.
80.

81.
82.

85.

86.
87.
88.
89.

91.
92.
93.
94.
95.

97.
98.

100.

101.
102.
103.
104.
105.

181.2
180.7
175.6
182.6
183.0

177.8
185.6
172.8
180.2
184.2

182.1
176.0
184.7
184.3
183.9

188.1
173.4
187.5
175.5
182.5

180.6
185.9
178.1
182.4
184.0

182.8
180.3
176.9
192.4
181.8

182.9
184.4
176.5
177.6
187.0

106.
107.
108.
109.
110.

111.
112,
113.
114.
115.

116.
117.
118.
119.
120.

121.
122.
123.
124,
125.

126.
127.
128.
129.
130.

131.
132.
133.
134.
135.

Test #2 (Battery #1 Tip #1 @ 5 sec) 135 trials

179.2
188.0
188.7
178.9
184.6

188.7
179.6
189.3
193.6
188.3

186.4
186.0
182.1
187.4
187.0

188.7
183.6
188.9
191.9
175.0

180.3
178.7
182.4
187.2
179.9

179.2
182.0
186.8
180.1
182.8

Average = 24953.5/ 135 = 184.8
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X1: Column 1
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count:
184.8407 5.441 .4683 29.6041 2.9436 135
Minimum: Maximum: Range: Sum: Sum of Sqr.: # Missing:
172.8 201.3 28.5 24953.5 4616390.37 |0
Test Two
205 4
.}
200+
8
195+ (-]
190+ i
°C
1854
180+ |
175+
8
17 T
Column 1
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1. 217.6 36.
2. 2180 37.
3. 212.8 38.
4. 2118 39.
5. 215.2 40
6. 207.2 41.
7. 216.1 42,
8. 2155 43.
9. 221.1 4
10.214.9 45.
11. 217.7 46
12. 217.2  47.
13. 220.5 48
14. 221.2  49.
15. 2156  50.
16. 214.5 51
17. 221.5 52.
18. 220.5 53.
19. 220.3 54
20. 222.2 55.
21. 219.1 56.
22. 221.0 ST
23. 2206  S8.
24. 2232  59.
25. 2189 60
26. 217.7 61.
27. 229.8 62.
28. 2133 63.
29. 217.8 64
30. 2208  65.
31. 2229 66
32. 2183 67.
33. 217.8 68.
34. 217.2 69.
35. 2236  170.

206.6
221.6
220.0
219.8

. 219.8

214.2
2184
217.2

. 209.9

221.2

. 211.5

214.0

. 212.8

215.6
220.9

220.7
219.0
218.2

. 216.8

221.0

216.6
219.7
220.0
217.0

. 219.6

2224
218.8
222.0

. 223.7

221.7

. 212.3

215.9
213.0
2149
216.6

71. 2144
72. 209.3
73. 2159
74. 213.6
75. 213.6

76. 212.8
717. 216.8
78. 221.7
79. 216.4
80. 212.2

81. 217.3
82. 218.6
83. 219.6
84. 215.5
85. 204.9

86. 202.6
87. 208.8
88. 210.1
89. 208.8
90. 207.5

91. 2094
92. 210.0
93. 205.8
94. 205.2
95. 208.9

96. 201.4
97. 202.8
98. 208.8
99. 203.8
100. 193.4

101. 208.8
102. 203.1
103. 200.6
104. 208.8
105. 208.0

Test #3 (Battery #2 Tip #1 @ 10 sec)

106. 197.3
107. 202.7

107 trials

Average = 2149
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X1: Column 1
Mean: Std. Dev.: Std. Error: _ Variance: Coef. Var.: Count:
214.8879 6.5257 .6309 42.5849 3.0368 107
Minimum: Maximum: Range: Sum: Sum of Sqr.: __# Missing:
193.4 229.8 36.4 22993 494543034 |0
Test Three
235 1
230+ (-]
°
2254
2204 |
215-
°C
210+
205+
2004
o
1954
o
190 T
Column 1
MMNMWM: Effect on Ceramic Veneers and Dental Pulp Appendix Three




1. 2106
2. 2204
3. 218.0
4. 2234
5. 2169

6. 214.8
7. 2123
8. 2140
9. 216.8

11. 214.2
12. 215.3
13. 217.5
14. 219.0
15. 216.8

16.219.3
17. 212.3
18.217.2
19. 220.5
20. 208.9

21. 209.7
22.214.2
23. 210.7
24. 216.0
25. 207.3

26. 215.6
27.215.0
28.213.8
29. 208.9
30. 209.4

31.217.8
32.212.0
33. 2123
34.213.5
35.209.1

36.
37.
38.
39.

41.
42,
43.

45.

S1.
52.
53.

55.

56.
57.
58.
59.

61.
62.
63.

65.

67.
68.
69.
70.

210.8
210.7
203.7
213.1
211.8

210.9
213.7
205.5
215.0
206.4

. 209.5
47.
. 2193
49,
50.

217.4

216.4
218.8

215.6
213.5
219.9
222.2
216.5

209.8
213.2
211.9
210.3
214.5

206.5
213.9
205.2
214.1
214.8

213.7
214.8
209.3
214.2
213.0

71.
72.
73.
74.
75.

76.
71.
78.
79.
80.

81.
82.
83.

85.

86.
87.
88.
89.

91.
92.
93.
94.
95.

203.0
203.7
208.7
207.3
2104

209.6
207.1
208.8
204.0
208.8

210.6
199.4
208.8
213.6
203.0

205.9
200.4
201.7
203.4
197.1

204.7
208.9
203.8
209.2
202.4

. 202.3
. 201.8

Test #4 (Battery #1 Tip #1 @ 10 sec)

Average = 20514.4/97 =211.5

112

Mochanical and Electrothermal Debonding: Effoct oo Ceramic Veneers and Deatal Pulp

Appendix Three



113

X1: Column 1

Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count:
211.4887 5.5946 .568 31.2996 2.6453 97
Minimum: Maximum: Range: Sum: Sum of Sar.: # Missing:
197.1 223.4 26.3 20514.4 4341567.72 |0
Test Fouf
225 4
2204 ?
2154
°C 210
2054 |
2004 8
o
195 T
Column 1
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp Appendix Three




Appenix Four

Statistics

ANOVA
T-tests
Correlation Coefficients
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For Treotmm;. Group ;8"
BRA rcantage
AR Ck ARl pe o Ual id Cum

Ualue Label Ualus Fraguency Percent Parcant Percent

4.2
8.3

18.
20.
25.
20.
33.
3.
41.
45.
S0.
S4.
S8.
62.
€6,
70.
3.
9.
83.
87.
9.
g5,
100.

N
»
»
[\

Ld
N
(7 ]

AWN = O
CONNWNODANWNODANWNO D

NOWODOA-—UNNRAWOIDDWRWAWD

DAWWLWWWWONMNMNMN - o

NUARAWD o s (PR~ 0OD
bbby .
- it it ok ) A b o b h b oh ad e wlh d b h ol wh =

o
-
~

_8 DDA LLARALIALLADIAMRMDAMALL
OCITRNNNONONNDMDNRNNMNMNOBAODMAONNNNONN
8 f&&“h.#ﬁf“:ﬁ‘.#?.f?f}f
O I MUNNMNNOUNNNRNNNNNNNNNNNON

N
F
—
-

Totel

nean 27.109 Std err 4.827 Mediaon 21.410
Node 2.400 Std dav 22.178 Uariance 491. 868
Kurtosis 3.031 S E Kurt .g18 Skeurass 1.917
S E Skew 472 Range 88.970 Minisum 2.400
ftaxinum 91.370 Sum 850.5610

Ualid eeges 24 Missing casas 0

Mechanical and Electrothermal Debonding: Effect on Ceramic Veaeers and Dental Pulp Appendix Four
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For Treatment Group "B

ARISCORE Bracket score
Valid Cum
Value Lobali Value Frequency Percent Parcent Percent
¢ 1/2 aghesive left 1.0 18 .2 0.2 79.2
y 1/2 aghesive left 2.0 9 20.9 20.8 100.0
Total 24 100.0 100.0
Maan 1.208 St¢ srr .08% tedlian 1.000
fMode 1.000 $td daev .4 18 Uar i ance .12
Kurtosis .37 S E Kur?t .818 skeuness 1.934
$ € Shaw .42 Range 1.000 Hini pun 1.000
Haxioum 2.000C Sum 29.000
Ualid cesas 24 Missing casas o
UENSCORE Ugneesr 3Gore
Val id Cun
Ualue Label Vaive Frequency Percent Percent Parcent
ARil of tha compos! te 1.0 14 $8.3 $8.3 8.3
Greater than S0S coam 2.0 8 33.3 33.3 Q1.7
3108 but <908 compos 3.0 2 8.3 8.3 100.0
Total 24 100.0 100.0
Meon 1.8500 Std arr .13% fedian 1.000
Mode 1.000 Std dev .5S8 Var i ance . 433
Kuriosis .000 S E Kurt .918 Skeeness .98
S € Skev .472 Range 2.000 Miniaun 1.000
naxinum 3.000 Sum 36.000
Ualid coses 2e Missing cases ")
UENTHIC  Uenaer thickness
Valid Cun
Value Label valus Frequency Parcent Percent Percant
.4 4 16.7 16.7 16.7
.9 19 9.2 9.2 25.8
.6 1 4.2 4.2 100.0
Total 24 100.0 100 .0
Macn .488 Sta err .009 Medion . 500
Mode .500 Std dev .0aS Voriance .002
Kurtosis 2.082 S E Kurt .g18 Skeuness -.041
S E Skew .872 Range .200 Hiniman . 400
Maxi mim .000 Sum 11.700
Veli1d cases 24 Miss|ng coses 0

Mechanical and Electrothermal Debonding: Effect on Ceramic Vescers and Deatal Pulp Appendix Four
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For Treatment Group "B"
TOOTHDA ARI Teoth SBR
Uaiid Cun
Value Labdel UValue Frequency Percent Percant Percent
S.0 1 4.2 ¢.2 4.2
10.0 1 4.2 4.2 8.3
15.0 1 9.2 4.2 12.8
33.0 1 4.2 6.2 8.7
as.o 1 4.2 4.2 20.6
40.0 1 4.2 4.2 25.0
90.0 4 16.7 16.7 41.7
03.0 1 4.2 4.2 43.8
66.0 1 4.2 4.2 %0.0
70.0 1 4.2 4.2 4.2
78.0 S 20.8 20.8 .0
85.0 d 12.8 12.5 g7.3
90.0 2 8.3 8.3 gs.8
98.0 1 4.2 4.2 100.0
Total 24 100.0 100.0
fiean 60.282 Std err $.402 Median 68.000
Mode ?5.000 Std dev 20.463 Uar | ance 700. 303
Kurtosis ~.433 S E Kurt 918 Skeuness -.091
8 E Skes 472 Range $3.000 Minimum $.000
Moximum 98.000 Sum 1447.000
Ualid cases 24 Missing coses 0
TOOTHCO ARl Tooth % CO
Valid Cum
Valug Labe! Vaiue Freguency Percent Percent Parcent
.0 3 12.§ 12.8 12.9
10.0 2 8.3 8.3 20.9
13.0 3 12.9 12.3 33.3
20.0 2 8.3 8.3 41.?
25.0 3 12.% 12.8 Se.2
30.0 1 4.2 4.2 $8.3
33.0 1 4.2 4.2 62.3
33.0 2 8.3 8.3 70.8
40.0 2 8.3 8.3 7.2
$0.0 1 ¢ 2 4.2 63.3
8.0 { 4.2 4.2 97?.5%
80.0 1 4.2 4.2 gr.?
66.0 1 4.2 4.2 3.8
80.0 1 6.2 4.2 100.0
Yo tal 24 100.0 100.0
1e0n 29.333 16 err 4.345 hedion 2%.000
tode .000 Std dev 21.284 Uariance 453 .01
(uartosis 023 S E Kurt 918 Skeunass .669
> E Skew .472 Ronge 80.000 Nininum . 000
faxinum 80.000 Sum 704 000
Jalid cuses 24 nissing coses o
Mechanical and Electrothermal Deboading: Effect on Ceramic Veacers aad Deatal Pulp Appendix Four
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For Treatment Oroup "B"

YOOTHUR ARI Tooth & VR
Valid Cum
Ualus Label Value Frequancy Percent Percent Perecent
.0 10 41.7 41.7 41.7
2.0 1 4.2 4.2 45.8
5.0 q 16.7 16.7 62.5
10.0 S 20.8 20.8 83.3
15.0 Fd 8.3 8.3 ¢r.?
80.0 1 4.2 4.2 es.8
83.0 1 4.2 4.2 100.0
Totel 24 100.0 100.0
fleon 10.282 Std err 6. 113 Median $.000
Node .000 Std dev 20.148 Var | ance 405.939
Kurtosis 9.372 § E Kurt .918 Skewnass 3.061
S € Skev .42 Aonge 85.000 nininun . 000
Moxioun 838.000 Sum 247.000
Valid cases 2¢ Higsing cases 0

- e e s @ e s W T T = - e W W wm = = > W & w -

UENDAH Ueneer Donage
Valig Cum

Value Label value Frequancy Percent Percent Percent
1.0 -] 20.8 20.8 20.8
2.0 19 9.2 79.2 100.0

Toe tal 24 100.0 100.0

flean 1.792 Sta err .08S Med | an 2.000

Mode 2.000 Std dev 415 Uariance . 172

Kurtos!s .3 S E Kurt .918 Skeuvness -1.53¢

S € Skaw .472 Ronge 1.000 Minimum 1.000

Max | sum 2.000 Sum 43.000

Valid cases 24 Missing coses v}

Mechanical and Electrothermal Debonding: Effect on Ceramic Veacers and Dental Pulp Appendix Four



For Treatment Greup "D°
ARIBRRCK ARl percentage

voiue Label

tiecn 44 122
Mode 5.180
Kurtosis - . g73
S E Skew .48 1
Haxinum 100.000
Valid cases 23

5.2
13.7
15.2
15.6
19.0
19.1
20.4
22.4
22.5
35.2
35.0
30.4
43.7
4.7
50.7
60.1
63.9
?1.2
71.4
78.8
82.3
$2.35
100.0

Total

Std err
Std dev
S E Kurt
Aange
Sun

P el cd o ch i md A i ot e D e ol et ) WS e bl oh oh s =

119

Ual id Cun
Value Frequancy Percent Percent Pargent

AL ALALBLARLRAPIRPLLLLLLLES

4.3
8.7
13.0
17.4
21.?
25.1
0.4
3.8
30.1
43.3
7.8

7]
N
N

("] [ ] -~ o
88298333
O~NWwoOWwWOONO N

-

N
[A)

S$.935
26.4082
.93%
$4.810
1014.800

Hissing cases

8 fhaafAQO&O‘ApaopaPaapAh
CIlWWAWNRNANWRWOIOOWRWUWRWWWRWWW®

8

Hedion

Uar ) ance
Skewness
Mininum

P S I S T R R R Y AR TR R Y R RARAY LPXR XY RN

39.380
810.097
.532
S.190
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For Traatment Group "D

ARISCORE Brocket scors

Valid Cum
Ualue Label vaiue Fraquency Percent Percent Percent
< 1/72 adwsive left 1.0 13 56.5 %6.5 6.3
> 1/2 ctwsive left 2.0 9 39.1 39. 1 99.7
All base covered by 3.0 1 4.3 4.3 100.0

Totgl 23 100.0 100.0
ttean 1.478 Std err .124 Medion 1.000
tode 1.000 $td dev .593 Uor i ance .3%52
Kurtosis -.218 S E Kurt .935 Skeunass . 806
S E Skaw 481 Range 2.000 Hinimm 1.000
Moxiaum 3.000 Sum 36 .000
Ualid cases 23 Missing casas o
VENSCORE Venaar score
valtig Cum
Value Lobal Ualue Frequancy Percent Percent Parcent
Ril of the composi te 1.0 6 26.1 28.1 26.1
Oreater thon YO8 com 2.0 8 34.8 34.8 60.9
) 108 but <G08 compos 3.0 3 3.8 34.9 g3.7?
Less than 108 compos 4.0 1 4.3 4.3 100.0
Total 23 100.0 100.0

Hean 2.174 Std err . 183 Medlian 2.000
Hode 2.000 Std dav .987 Var i ange . 787?
Kurtosis -.923 S E Kurt .93 Skeuness .081
S € Skew .481 Range 3.000 Hinisun 1. 000
naxinum 4.000 Sun 50.000
Ug!ld coses 23 tissing cosas 0

Mechanical and Electrothermal Debonding: Effect on Ceramic Veacers and Deatsl Pulp Appendix Four



For Treatnent Group "D
VENTHIC  Vaneer thickness

121

Val ia Cun
Vaiue Label Value Fragueney Parcent Parcent Percent
.3 1 4.3 4.3 43
.4 z 8.7 8.7 13.0
s 16 09.8 8.6 82.0
.6 q 17.4 17.4 100.0
Tetal 23 160.0 100.0
Nean .S00 Std err .04 fedi an .S00
fode .S00 std dev .067 Vor | Gnee .00S
Kurtosis 2.90¢ S € Kurt .93 Skeuness -.Q75
S E Skew .481 Range .300 Minimum . 300
Maxinum .800 Sum 11.500
Voild cases 23 rnissing coses 1]
TOOTHBR RRI Tooth SBR
Valid Cum
Value Lobel vValue Frequancy Parcent Parcent Percent
.0 2 8.7 8.7 8.7
15.0 1 4.3 ¢.3 13.0
33.0 1 .3 4.3 12.4
40.0 2 8.7 8.7 20.)
$0.0 1A 497.8 47.8 3.9
¢0.0 1 4.3 4.3 76.3
66 0 1 6.3 4.3 82.6
?0.0 pd 8.v 8.7 a1.3
80.0 1 4.3 4.3 95.7
90.0 1 4.3 4.3 100.0
Totel 23 100.0 100.0
fean 48.435. Std err 4,918 nadian 30.000
Mode SD. 000 Std dev 21.6%2 varionce 408 . 802
Ku-tosis 1.122 8§ E Kurt .933 Skewness ~.083
S E Skev .481 Range $€0.000 LIGIE T 000
Maxinum 90.000 Sum 1114.000
Jalid coses 23 Miss!|ng coses 0
Mechanical and Electrothermal Debonding: Effect on Ceramic Veneers and Dental Pulp Appendix Four




For Treataent Group “0”

TOOTHCO AR1 Tooth 8 CO

122

Valid Cun
Uolue Label Ualue Frequency Percent Parcent Percent
.0 3 13.0 3.0 13.0
5.0 2 8.7 8.7 1.7
10.0 1 4.3 4.3 26.1
20.0 2 8.7 e.? 34.8
235.0 3 13.0 13.0 47.8
30.0 1 4.3 4.3 52.2
33.0 2 8.7 8.7 €0.9
40.0 4 17.4 17.4 8.3
90.0 S 21.7 21.7 100.0
Total 23 100.0 100.0
MHean 27.870 Std err 3.703 fedion 30.000
fode $6.000 Std dev 17.750 Uor i ance 318.301
Kurtosis -1.203 $ E Kurt 933 Skeuness -.302
S E Skew 481 Range '$0.000 Minimum .000
taxioun 30.000 Sum 641.000
Uolig cases 23 Misging casas o]
TOOTHUR ARI Tooth § UR
Valid Cuan
Uolue Labe! value Freguency Percent Percent Parcent
.0 ? 30.4 30.4 0.4
2.0 1 4.3 4.3 34.8
10.0 3 13.0 13.0 47.8
20.0 2 B.?7 8.7 55.8
25.0 2 8.7 8.7 68.2
30.0 3 13.0 13.0 8.3
33.0 1 4.3 4.3 82.6
45.0 1 4.3 4.3 g8°.0
?5.0 1 4.3 4.3 1.3
85.0 1 4.3 4.3 3.7
9S.0 1 4.3 4.3 100.0
Toral 23 100.0 100.0
fMeon 23.606 Sid ere $.918 Median 20.000
] .000 Std dev 27.903 Variance 778.5%85
Kurtos s 1.438% $ € Kurt .935 Skewness 1.439
S € Skew 481 Aange 9$.000 Min) mum .000
Moximum 95.000 Sus 8435.000
Ualid cases 23 Nissing cases 0
Mechanical and Electrothermal Debonding: Effect on Ceramic Veneers and Deéntal Pulp Appendix Four



For Tractaent Group "0°

123

UENOATT Usneer Danage
valid Cum
Value Labe! Ugliue Frequency Parcent Percent Percent
1.0 8 34.8 34.8 3¢.8
2.0 1S 6s.2 85.2 100.0
Total 23 100.0 100.0
fMean 1.652 Std err . 102 Hedian 2.000
flode 2.000 Std dev .487 Variance <X
Kurtosis ~1.68? S E Kurt 93 Skeunass -.004
S € Skew .481 Raonge 1.000 Minimun 1.000
Moxinum 2.000 Sum 38.000
Ualid ecases 23 Hissing coses o
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp Appendix Four



For Trreptmant Group “ETDCIDT

ARIBARACK PRR| pesrcentage

124

Valld Cud
Uglue Lobel Ugiye Frequency Percent Percent Percent
9.8 1 a.2 6.2 4.2
20.0 1 4.2 6.2 8.3
2¢.0 1 4.2 4.2 12.9
42.6 1 4.2 6.2 16.7
86.3 | 4.2 4.2 20.8
5.8 1 4.2 4.2 29.0
82.0 | 4.2 4.2 29.2
g4.7 1 4.2 4.2 33.3
8%5.4 1 4.2 4.2 3.8
86.9 1 4.2 4.2 41.7
88.4 1 4.2 4.2 43.8
89.5 | 4.2 4.2 50.0
gt1.4 1 4.2 4.2 54.2
93.¢ 1 4.2 4.2 8.3
g7.7 1 ¢.2 4.2 62.5
g7.¢ 1 4.2 6.2 66.7
98.3 1 6.2 4.2 70.9
gg.4 1 4.2 4.2 ?%.0
98.5 1 e.2 4.2 9.2
98.9 1 4.2 4.2 83.3
99.4 1 4.2 4.2 8v.5
90.7 1 4.2 4.2 81.7
100.0 2 8.3 8.3 100.0
Total 24 100.0 100.0
flaan 80.0642 Std err 3.662 Median 90. 445
NMode 100.000 Std dev 27.738 Uar | ance 769.300
Kurtosis 1.412 $ E Kurt 918 Skeuness -1.622
$ E Skeuw .472 Range 90.240 Hinious 9.760
Mo | UR 100.000 Sumn 1921.000
Vaiid cases 24 Missing cases ]
ARISCORE Brackel score
Valid Cun
Ualue Label valua Fregquancy Percent Parcent Percent
< 172 aodhesive left 1.0 4 16.7 16.7 16.7
) /2 adhesive laft 2.0 g 3°.5 3.5 Se.2
Al pase covered by 3.0 vy 4%5.8 45.8 100.0
Totol 24 100.0 100.0
Mean 2.292 Std err . 183 Hedian 2.000
Hoda 3.000 Std dev 781 Var | ance . 563
Kurtosis -.9%0 S E Kurt .918 Skewness -.5%3
§ € Skavw .72 Ronge 2.000 MNininum 1.000
flaxtinum 3.000 Sum 55.000
Valid cases 24 Hissing coses o
Mechanical and Electrothermal Deboading: Effect on Ceramic Vencers and Dental Pulp Appendix Four



For Treatment Group "ETDIMY”

VENSCORE Venaer sSoore

Vaiid Cum 125
Value Label Volue Frequancy Percent Percent Percent
Al of the compasite 1.0 2 8.3 8.3 8.3
> 108 but <908 compos 3.0 9 37.5 37.% 45.6
Less than (0% coapos 4.0 10 41.7? 41.7 97.5
No composite remcine S.0 3 12.5 12.3 100.0
Total 24 100.0 100.0
Nean 3.%500 std err .209 fledion 4.000
flode 4.000 Sid dev 1.022 Var | ance 1.043
Kurtosis 1.4805 S E Kurt .918 Skeoness -.934
S E Skew 47?2 Range 4.000 Hin! num 1.000
Maxisun S5.000 Sus 84.000
Yglid coses 24 Nissing casas v}
UENTHIC Ueneer thickness
Ual ld Cun
Valua Labe! Vaiue Fraguency Paercent Percent Percent
] 2 8.3 8.3 8.3
4 e B.3 8.3 16.7
.5 13 88.2 54.2 7.8
.8 7 29.2 29.2 100.0
Totat 24 100.0 100.0
flgan .50« std err Q18 Madion . 500
Mode . 500 Std dev .086 Uar i once .007
Ku-tesis 1.032 S E Kurt .918 Skewness -.983
$ E Skev .472 Ronge .300 Minimum .300
Mox iaum 800 Sun 12.100
val id guses 24 Nissing cases 0
ToaTEeR  ARI Toeth RER
Valid Cum
Ualue Label Ualue Fregquency Percant Percent Percent
.0 13 3¢.2 84.2 4.2
S.0 3 12.5 12.9 6s.7
10.0 3 12.5 12.9 9.2
15.0 1 4.2 4.2 83.3
295.0 1 4.2 4.2 8?.95
60.0 1 4.2 4.2 91.?
80.0 1 4.2 4.2 05.9
Q0.0 1 4.2 4.2 100.0
Total 2¢ 100.0 100.0
Heon 13. 129 Std err 5.240 Median .000
HMode .000 Sta dav 25.699 Uor | ance 660. 462
Kurtesgis q.3%4 $ E Kurt Q18 Skeuness 2.311
S E Skew .4722 Range ©0.000 Minimum . 000
Maxinus ©0.000 sum 315.000
Uolid coses 24 Migsing cases
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp Appendix Four



for Treatsent Group “ETOCHD”

TOOTHCO
vaius Label

flean
fode
Kurtosis
S € Skav
NMoxiaun

Valid ceses

ARl Tooth 8 CO

Frequancy FPercent Parcent Percent

Ualid Cun

va lue
.0 1" 45.8 45.8 435.8
5.0 3 12.5 12.8 $8.3
0.0 2 8.3 8.3 05.7
15.0 3 12.9 12.8 8.2
20.0 2 8.3 8.3 87.$
25.0 1 4.2 4.2 e1.7
32.0 1 4.2 4.2 ¢s.6
%0.0 1 4.2 4.2 100.0
Total 24 100.0 100.0
®.500 sd err 2.623 tedian $.000
.000 Sid dev 12.830 Uariance  165.130
3.131 $ E Kurt .918 Skewness 1.704
6?2 Renge $0.000 ninisum .000
50.000 Sum 228.000
26 Missing coses 0

126

TOOTHVR ARI Tooth 8§ WR
Valid Cun
Vaiue Lobel Vglue Frequancy Percent Percant Parcent
.0 1 4.2 4.2 4.2
10.0 1 4.2 4.2 8.3
25.0 1 4.2 4.2 12.3
40.0 1 4.2 ¢.2 8.7
50.0 1 4.2 ¢.2 0.8
66.0 1 ¢.2 4.2 25.0
70.0 1 4.2 4.2 3.2
80.0 2 8.3 8.3 3.3
85.0 1 4.2 4.2 41,7
90.0 2 8.3 8.3 £6.0
93.0 -] 5.0 5.0 75.0
100.0 6 23.0 25.0 100.0
Total 24 0.0 100.0
fiean 77.333 Sta err 6.157 fMedian 92 S00
flode 93.000 £4d dev 30.163 Var | ance QQ9. 797
Kurtosis 1,242 € E Kurt .918 Skewunsss -1.%847
S E Skew .472 Raenge 100.000 Hinlaum 000
nax ) aum 100.000 Sun 1856.000
Valtld coses 24 Missing cases 0
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencess and Dental Pulp Appendix Four



For Traatment Group “ETOCH"

UENDAN Uanear Damage

127

Valid Cum
Vailue Lade! Valua Frequency Percent Percent Percent
1.0 3 12.5 12.9 12.9
2.0 21 87.%9 g?2.5 100 O
Total 2¢ 100.0  100.0
Mean 1.875 Std err 089 Tedian 2.000
fode 2.000 Std dev .33 Uar i ance AL
Kurtosis 4.210 S E Kurt .Q18 ‘Sheuness ~2.422
8 E Skew 422 1.000 Hinlmus 1.000
flax | aum 2.000 Sum 45.000
Ualld coses 24 Missing cases 0
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For Tregtment Oroup "ETDCC)”

ARIGRACK MR! percentage

Uoiue Label

Hean 48.307
fiode 4.0
Kurtos!s -1.%90
S E Skew .472
Maxiaun 98.940
Velig¢ cases 26

4.4 !
4.4 1
6.3 1
9.2 1
11.4 1
11.8 1
12.8 1
23.0 1
26.2 !
32.8 1
33.3 1
30.2 1
60.¢ 1
63.2 1
68.¢ 1
66.8 1
?0.¢ 1
8.9 1
79.9 1
83.5 t
94.0 t
95.0 1
97.7 1
$8.9 1
Toto! 24
Std err 5.9067
Std dev 3¢.133
S € Kurt .18
Rangea 94,580
sSum 11865.610
Missing cases

0

Valid
Ualua Frequency Percent Perce

>
NN

NN NN RDDNNNMORDRNND
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Cum
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For Treatment Group “ETDCCO”

ARI1SCORE Bracket score

129

Valid Cum
Ugiua Laobel vaiua Freguency Percent Percent Percent
« 172 adhesive left 1.0 12 $0.0 S0.0 0.0
> 1/2 adresive lef? 20 1 4.8 45.8 0s.8
fll base couvered by 3.0 1 4.2 4.2 100.0
Total 24 100.0 100.0
Mean 1.942 Std err . 120 fedian 1.500
Mode 1.000 Std dev .588 Var | ance .346
Kurtesis -~.586 S E Kurt °R1:] Skeuness .92
$ € Skew .472 Aonge 2.000 Mini oo 1.000
raxinum 3.000 Sum 37.000
Valid cases 26 Missing cases 0
UENSCORE Uenaer score
Valid Cun
Value Lods! Uglue Fregquency Percent Percent Percen.
RAI1 of the coaposite 1.0 ] 25.0 .0 25.0
Greater thon 508 com 2.0 8 33.3 3.3 $8.3
» 108 but <G08 coapos 3.0 9 3.5 3v.8 93.8
Less than 108 compos 4.0 t 4.2 4.2 100.0
Tetal e¢ 160.0 100.0
fleon 2.208 Std err . 180 Median 2.000
Hode 3.000 Std dev .B84 Uoriance . 781
Kurtosis -~.987 $ € Kurt 918 Skawness -.030
S E Skevw .472 Range 3.000 Aini mum 1.000
Maximym 4.000 Sum $3.000
Valid casas 24 Hissing cases 0
UENTHIC VUeneer thickness
Valid Cum
Value Label Ualus Frequency Percant Percent Parcent
.2 1 4.2 4.2 4.2
.3 2 8.3 8.3 12.5
.4 3 12.5 12.9 25.0
.S 11 45.8 4%.9 70.8
.6 ) 23.0 25.0 os5.9
.? 1 4.2 4.2 100.0
Total 26 100.0 100.0
Heon .492 Sto err .023 Neclan . 300
Mode . .500 Std dav .114 Uar | ance o
Kur-tosis .680 S E Kurt .918 Skewness -.700
S E Skew 472 Range .%00 Mini mun .200
Maxinum .700 Sum 11.800
Vaii1d eases 24 Missing cases 0
Mechanical and Electrothermal Debonding: Effect on Ceramic Veneers and Dental Pulp Appendix Four



for Treatment Group *ETOCCO”

130

TOOTHBR ARI Tooth £BR
Val id Cun
Vaiue LeDel Ualue Freguency Percent Percent Percant
.0 3 12.5 12.5 12.5
50 ] 4.2 4.2 16.7
10.0 3 12.5 12.5 29.2
25.0 1 4.2 4.2 33.3
330 1 4.2 4.2 3.9
385.0 1 4.2 4.2 41.7
40.0 1 6.2 4.2 45.8
€0.0 1 4.2 4.2 $0.0
06.0 3 12.5 12.5 62.5
60.0 1 6.2 4.2 66.7
$35.0 1 4.2 4.2 70 8
90.0 2 8.3 8.3 8.2
95.0 a 16.7 8.7 3.8
100.90 1 4.2 4.2 100.0
Totol 24 00.0 100.0
Nean $1.708 std err ?.036 fledian $9.000
fode 95.000 Std dev 37.409 Uariance 1399.433
Kurtosis -1.693 S € Kurtl .918 SKkeUness ~-. 134
S E Skouw 472 Range 100.000 Nininum 000
Mo mum 100.000 Sus 1241.000
Vol ld coses 24 Hissing coses 0
TOOTHCO ARl Tooth 8 CO
Val id Cum
Ualue Label UValue Freguency Percent Parcant Percant
.0 ] 37.8 37.95 37.8
S.0 2 8.3 8.3 45.8
10.0 3 12.5 12.5 98.3
" 1%.0 1 4.2 4.2 62.5
20.0 1 ¢.2 4.2 ob ?
2%.0 2 8.3 8.3 75.0
33.0 2 8.3 8.3 83.3
40.0 1 4.2 4.2 g8?.38
$0.0 1 4.2 4.2 g1.?
60.0 1 4.2 4.2 95.8
90.0 1 4.2 4.2 100.0
To tai 24 106.0 100.0
Heon 17.9358 Std ere 4.752 fedion 10.000
fode .000 sid dav 23.278 Variance 541.608
Kurtosis 2.808 S € Kurt .g18 Skewness 1.659
$ E Skew . 472 Range $0.000 Mininum .000
Max i mum 90.000 Sun 431,000
Valid cases 24 nissing cases o
‘Mechanical and Electrothermal Debooding: Effect on Ceramic Vencers and Dental Pulp Appendix Four



For Treatsent Group “ETOCCO”

TOOTHVR

ARl Jooth $ UR

131

Valid Cum
Volue Label Ualue Frequency Percent Perceat Parcent
.0 8 33.3 33.3 33.3
$.0 4 16.7 16.7 0.0
10.0 1 4.2 4.2 4.2
15.0 1 4.2 4.2 8.3
20.0 1 4.2 6.2 082.9
33.0 1 4.2 4.2 88.7
66.0 1 4.2 4.2 70.8
%0.0 1 4.2 4.2 8.0
5.0 3 12.5 12.5 8°.5
80.0 1 4.2 4.2 91.?
$0.0 1 4.2 4.2 95.8
935.0 1 4 2 4.2 100.0
Total 24 100.0 100.0
Nean 30. 167 Std err 7.339 Redian 7.500
fiocoa .000 Std dev .35.832 Uari ance 1292.980
Kurtosis -1.360 S € Kurt .918 Skevness .08
$ E Skew .472 Range 93.000 tinioum .000
Haxlieum 93.000 Sum 726 .000
Vaild coses 24 Nisging coses 0
VENDAH Uaneer Ooncge
Val id Cum
Ualue Lobel Ualue Fregueney Percent Percent Fercent
2.0 24 100.0 100.0 100.0
To tal 24 100.0 100.0
Maan 2.000 Std err .000 Median 2.000
Hode 2.000 Std dev .000 Uariance oo0
Ronge .000 Minimum 2.000 Max | e 2 .000
Sum 48.000
Valig cases 24 Hissing cases v
Mochanical and Electrothermal Debonding: Effect on Ceramic Vencers aad Deatal Pulp Appeadix Four
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T-TEST /CROUPS= TRERTGP (4,5)> / URRIABLES= TEMPINC.
t-tasts for independent sanples of TRERTGP Treatment grow

GROUP 1 - TRERTGP EQ 4.0: ETDCO
cAOUP 2 - TREATGP EQ $.0. ETOKC)

$tondard Stondard

Uarliable Numbar
of Cases Mean Deviotion Error
TENPINC Tenperaturs incraase
GROUP 1 24 S. 84350 3.8t ]
GROUP 2 24 3.5458 1.203 .24%
Pooled Variance Estinate | Separate Uorlance Estimata
F 2-tail t Oegrees of 2-toil | Degrees of 2-tail
Ualue Prob. Value Freaedom Prob. Value freedom Prob.
10.06 .000 | 3.68 48 001 | 3.88 2753 001

Mechanical and Electrothermal Debonding: Effect or Ceramic Veacers and Dental Pulp Appendix Four



-------------- e c=ONEUHRAV - - =c o nc o e mmm o= = =
Uariable RARISCORE Bracket score
8y VUariable TREATOP Treotnent group

ANALYSIS OF URARIANCE

sun OF MERN F F
souAce D.F.  SQUARES SQUARES RATIO PROB.
BETUEEN GROUPS 3 13.4911 9.1837 14.4078 0000
HITHIN BROUPS 91 32.6141 .3564
TOTAL 94 48. 1053
I R I I ONEUAY == =® === -==«---- -

Uariable RRISCORE GBroacket score
By Vorlicbie TREATOP Treatment group

MULTIPLE RRNGE TEST

SCHEFFE PROCEDURE
RANGES FOR THE 0.0350 LEVEL -
403 ¢.03 &4.03

THE RANOES RBOVE ARE TABLE RANQCES.
THE URLUE ACTUARLLY COMPARED U1 TH MEANCJI-HMERN(I) IS, .
0.4233 & RANGE * OSORTCI/NCI) ¢ 1/NCUD)

¢*> DENOTES PAIRS OF GROUPS SIONIFICRANTLY DIFFERENT AT THE 0.030 LEVEL

Meon Group

1.2083 8

1.4783 o]

1.8417 ETOCC)

2.2917 gTOCM) e

Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Deatal Pulp Appendix Four



_______ e =®ww-e~-=-=0ONEUHURY

Uoriable ARIBRACK AR! percentoge
By Variable TREATGP Traataent group

ANALYS!IS OF URRIANCE

sun OF HERN F F
SOURCE 0.F.  SQUARES SQUARES RATIO PROB.
BETUEEN GROUPS 3 35080.241¢  11893.4138 14.4530 .0DOD
HITHIN GROUPS 91  73025.1432 809.087S
TOTAL 9  108705.3866
~ceeccec sececco= -~ ONEMRAY -~~~ == A R I

Uariable HRRIBARCK RRI percentoga
By Uariable TREATGP Treatment group

AULTIPLE RANGE TEST

SCHEPF & PROCEOUHE
RANDES FOR THE 0.030 LEVEL -

403 &4.03 4.03
THE RRNGES ABOUE RARE TABLE RANGES.
THE URLUE RCTUALLY COMPRRED HITH MEANCJ)-MERNCID IS, .
20. 1130 « RANGE & DSQRTC 1/NCI) + 1/NCID)D

(») DENOTES PAIRS OF GROUPS SIGNIFICANTLY OIFFERENT AT THE 0.050 LEVEL

Hean Group
27 1008 B
4¢ 1217

D
48 .5671 ETID)
80 0¢1? ETDCM) LA
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Varicble

By Voriabla TRERTGP

SOURCE
BETUEEN GROUPS

UITHIN GROUPS
TOTAL

- W e e - -

By Variable TRERTGP

~0ONEURY

VENSCORE  Veneer sctore
Traateent group

MULTIPLE RANGE TEST

SCHEFFE P

D.F.

gt
o4

ANALYSIS OF UARIANCE

SUM OF
SQUARES

80.2742
89 .2627
119.3388

Usnger score
Traatment group

ROCEDURE
RANGES FOR THE 0.0S0 LEVEL -

4.03

4.03

4.03

THE RANGES ABOUE RRE TABLE RANGES.
THE UALUE ACTUALLY COMPRRED W1 TH MERNM(J)-TIERNCI) 1S..
0.8980 » RANGE * OSQATCI/NCI) + 1/NCJD2

ONEHRY

HEAN
SQUARES

16.7361

{-RA

F F
RATIO PROB.

22.0174 .000Q

- - - am s = ®m = -

<*) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.050 LEVEL

fean

1.%000
2.1730
2.2083
3.5000

Group

8
%]

ETOCCY
ETOCM)
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Uoriab!a
8y Uoricble

SOURCE
BETHEEN OROUPS
HITHIN GROLPS
TOTAL

LT IPLE RANGE

TREATEP

TOOTHBA
TRERTGP

TEST

SGMEFFE PROCEDURE
RANGES FOR THE 0.0S0 LEVEL -

4.43 4 43

4.43

THE RANGES ABOUVE R
THE URLUE ACTUALLY"

HMeon

.0000
13.1280
48 .4348
$1.72003
00.2%17

Group

Control
ETOCMD
0D .
ETDCCO
L

- --<--QgNEWRAY
TOOTHBR  ARI Tooth S8R

Treatnent group
ANALYSIS OF UARIRNCE

O F.

4
114
118

sul OF
SQURRES

67008.4448
73798. 1938
140968 . 83687

- > ® - . - -

nean
SQUARES

10767. 1112
647.3526

co e eca0NEWHARY -« - -~
RAl Tooth S8R
Treatment group

4.43

. JABLE RRANGES.

IPARED W) TH MERNCJ=NMERNCY ) IS. .
17.9910 ® RANGE # DSQRTCI/NCI) ¢ 1/NIDD

¢*> DENOTES PAIRS' OF GROUPS SIGNIFICANTLY DIFFERENT RT THE 0.030 LEVEL

CEOERB
-3 1 T
nd D
te «
0 C
o) )
!
L I J
s e
n»

F F
RATIC PROB.

25.9010 .0000
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variabla TOOTHCO fARl Tooth % CO
B8y Varlabie TREATGP Treaiment group

ANALYS1S OF URRIANCE

sun OF HERN
SOURCE D.F.  SQUARRES SQUARES
BETUEEN GROUPS 4  14673.0000 3668 . 2663
UITHIN GROUPS 116  33518.0004 204.0026
TOTAL 118 48291.0664
f e e et mmew——- -~ ONEWURY =«=--=-~-~-

variable TOOTHCO ARI Tooth £ CO
By Uariadle TREATGP Treatasent group

LT IPLE RANGE TEST

SCHEFFE PROCEOURE
ARINGES FOR THE 0.0S0 LEVEL -

443 €.43 ¢ 43 4.43

THE RANGES RBOVE RRE TABLE RANGES.
THE UALUE RCTUALLY COMPRRAED MITH MERNCJI-HERNCL) IS,
12. 1630 = RANGE * DSQRT(I/NCI) ¢ 1/NCUD)

- - o W = = am - W = o"E“ﬂY ------

F F
RATIO PROB

12.4389 0000

¢+) DENOTES PRIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.050 LEUEL

EQ0s8

-0 T ~300
w3~ -am
“DOA~AQ =~

Meon Group

0000 control
9 5000 &EToa
17.9983 &TDCC)
27 .86906 e}
20 .2383 8 - %

[ 2R ]
*
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Vo lable
By Variable

SOURCE
BETUEEN GROUPS
HITHIN GROUPS
TOTAL

Variabile
By Voriabile

WL TIPLE RANGE
SCHEFFE P

MERN
SQURRES

21319.3130
676.4956

e e - -—®we-===-0DNEWRY
TOOTHUR AR! Teoth S UR
TREATGP Treolmeent group

RANALYSIS OF VARIANCE
SUM OF
D.F. SQURRES
% 85278.0601
114 77120.49806
118 162396 . 5546

B T ONEUAVY
TODOTHUR ARl Tooth & UR
TRERTGP Treatment growp

TEST

ROCEOURE
RANOES FOR THE 0.050 LEVEL -

4.4

¢ .43

4.43

4.43

THE RANGES ABOVE RRE TABLE RANGES.
THE URLUE RCTURLLY CONPRRED HITH HMEANCJ >=MEANC 1> 1S .
18.3013 * RANGE = OSQRT C1/NCID & 1/N(ID)

(¢) DENOTES PRIRS OF GROUPS SIGNIFICRNTLY DIFFERENT AT THE 0.030 LEVEL

Heon

.0000
10.2017
23 .05%7
0. 1667
?.3333

orouwp

contro!
8

0
ETOCC)
g0

CBDEE
T

-0 3430
wOQAQ
wAD

T

e w e

F F
RATIO PROB.
31.5146 .0000
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variable UENDAM Uenear Donage
g8y Voriable TREATOP Treatnent group

ANALYSIS OF URRIRCE

sut OF MERN F F
SOURCE D.F. SQURRES SQUARES RATIO PROB.
BETUEEN GROUPS L 2.0480 .$120 4.94062 .0010
UITHIN GROUPS 114 11.8007 . 1038
TOTAL 118 13.8487
————————————————— onsuav-----—----—------

JYaricble VENDRM Ueneer Donage
By Voriabtle TREATGP Treatngnt group

MULTIPLE RANGE TEST

SCHEFFE PROCEQURE
RANDES FOR THE 0.0SD LEVEL -

.43 4.43 443 4.4
THE RANGES ABOVE ARE TABLE RANGES.
THE VALUE ACTURLLY COMPARED MiTH MERANCJI-NERNCI D 1S. .
0.227% = RANGE * DSQRTC1/NCI) & 1/HCIID
¢*) DENOTES PRIRS OF GROUPS SIGNIF ICANTLY DIFFERENT AT THE 0.050 LEVEL

ODBECE

w2AO
-0 330
whlAaOD A

rMean Group
1.6522 ()
1.797?

8
1.§730 ETDCH>
2.0000 Contrel  *
2.0000 ETDCC ’
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TREARYMENT GROUP ‘B’
- - Correigtion Coefflcients - =

ARIBRACK ARISCORE VENSCORE  UENTHIC TOOTHBR TOOTHCO

ARIBRACK 1.0000 .5018% . 53200 .0491 - .6824%* .0?58
ARISCORE .5018%* 1.0000 .7 152%* .3798 - . 5ggg** . 1641
VENSCORE . 53204 L7152«  1,0000 .2206 ~.5660%%  -.0279
UVENTHIC .0491 .3798 . 2206 1.0000 .0582 -. 1913
TOOTHBR -.B824%¢ - 5998%%  « 566Q% .0582 1.0000 - .65S0%*
TOOTHCO .0758 . 1641 -.0279 -. 1913 -.6650%*  1.0000
TOOTHWUR B152%* .6166** . TP40%k . 1245 —-.6092%* - 1871
VENDAM -. 2677 -.2421 -.0795 .0876 .5087* -.3906
% = Sjgnifr. LE .05 w* - Signif. LE .01 (2~-tailed)
~ is printed If a coefficient cannot be computed

TOOTHVR VENDAN
AR IBAACK .8152% - 267?
ARISCORE .0106% - 2421
UENSCORE 7740 - 0795
VENTHIC . 1245 .0878
TOOTHBR ~ . BDg2%* .508?%
TOOTHE: -. 1871 -.3006
TOOTHUR 1.0000 -.2525
VENOAH -.2525 1.0000
* - Signif. LE .05 % - Signif. LE .01 (2-tailed>

* . " is printed If a coefficient cannot be computed

Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp Appendix Four
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TREATMENT GROUP ‘B’

- - Correlation Coefficlents - -

ARIBAACK RARISCORE UENSCORE  VENTHIC TOOTHBR TOOTHCQ

AR IBRACK 1.0000 .5018 .S320 .0491 ~.56824 07S8
¢ 24 ¢ 24 ¢ 24) « 24 < 24> < 29
P= . P= .012 p= .007 P= .820 P= .000 P= 225
AR ISCORE .50198 1.0000 L7152 .3798 -.5998 . 1641
¢ 24> < 240 ¢ 24D « 29 ¢ 24 « 24
P= .012 P= . P= .000 P= .067 P= 002 P= .443
VENSCORE .85320 o152 1.0000 .2206 ~.5669 -.0279
¢ 24) ¢ 240 < 24) ( 28 ¢ 24O <« 24
P= .007 = .000 P= . P= .300 P= .004 P= .897
UVENTHIC .04Q t .3798 .2206 1.0000 0582 -. 1913
« 24 < 24 ¢ 242 < 24 < 24> ¢« 24
P= .820 P= 007 P= .300 P= . p= .787 P= 370
TOOTHBR -.0824 -.9998 -.95669 .0582 1.0000 -.0030
¢« 247 ¢ 24> <« 24 ¢ 24 ¢ 24 ( 24>
P= .000 pP= .002 P= .004 P= .787 P= . P= 000
TOUTHCU .0?58 . 1641 -.0279 -. 1913 -=.0030 1 0000
< 24> ¢ 243 ( 24) ¢ 24 ¢ 24> ¢ 24
P= 7?25 P= .443 P= .897 P= .370 P= 000 P=
TOOTHUR .B182 .6100 L7740 . 1245 -.6092 -. 1871
< 24> ¢ 24 ¢ 24> ¢ 4 ¢ 24) ¢ 24
P= .000 P= .001 P= .000 P= .562 P= .002 P= 381
VENDARN -.2677 -.2421 -.0795 .0876 .5087 -.3906

< 24) ¢ 29 ¢ 24) ¢ 24 ¢ 245 ¢ 24
P= .206 P= 254 P= 712 Ps .0684 P= .011 pP= .0%9

(Coefficient / (Cases) / 2-tailed sig)

= . - |s printed if a coefficient cannol b€ computed

Mechanical and Electrothermal Debonding: EﬂeaouCa"mic‘VemudDunlNlp Appendix Four



TREATHENT GROUP ‘B’

-AR1BRACK

ARISCORE

UENSCORE

UVENTKIC

TOOTHBR

TOOTHCO

TOOTHUR

(Coefficient / (Cases) / 2-tailed sig)

» " ig printed if a coefficient connot be computad

TOOTHUR

(
pP=

.8152
242
.000

.6106
24>
.001

.9740
24)
.000

. 1245
24)
.362

6082
24>
.002

. 1971
24>
.381

.0000
24>

.2523
24)
.234

- - Correlation Coefficlents

VENOAN

-.2007
¢« 29>
Pw 206

~-.2421
<« 24
p= 254

-. 0795
{ 24?2
P= 712

.08
¢« 24
P= 084

.9087?
< 24
P= 0N

-.3906
¢ 24)
pP= .059

-.2928
¢ 24

P= 234

1.0000
¢ 24)
P= .
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TREATHENT GROUP ‘O’

- = Corralation Coefficiants -~ -

ARIBRACK ARISCORE VENSCORE  VENTHIC TOOTHBR TOOTHCO

AR!BRACK 1.0000 .8953%x .5457% - 3797 -. 0457 - 2651
ARISCORE .8953%*  1,0000 L612¢%k  ~ 4547% -.6540% - 3606
VENSCORE 5457 nk .6124%%  1,0000 -.3801 -.0030M - 503%5%
VENTHIC -.3797 -.4547% -.3801 1.0000 . 495 1% .2923
TOOTHBR ~. 6457wk - B540%* -, 6030%* 495 1* 1.0000 -.003%
TOOTHCO -.2651 -.3606 ~,503%% .2023 -.0035 1.0000
TOOTHUR 60864 7343 2865®k - S630%k  — F0Q1%k  ~ 636 1*x
VENDRM ~.2%00 ~.3421 -, 1693 .0000 . 1221 .2363
® - Slgnif. LE .05 #% - Signif. LE .01 (2-tailed)

“~ « ig printed if a eoefficient cannot be computed

TOOTHUR UENDAM

ARIBRACK .6088%*  -.2500
ARISCORE L7343k - 3421
VENSCORE .?865»= - 1603
VENTHIC -.5030%* .0000
TOOTHBR ~. 7691 12N
" TOQTHCO - 6301+ .2363
TOOTHUR 1.0000 ~.24%6
UVENDRM - . 2456 1.0000
* - Signif. LE .05 4 - Signif. LE .01 (2-tailed?
« " isprinted if a coef ficient cannot be computed

Mochanical and Electrothermal Debonding: Effoct on Ceramic Veneers aad Deatal Pulp 'Appendix Four



TREATMENT GROUP 'O

Correglation Coefficlents

144

ARIGRACK ARISCORE  UENSCORE  VENTHIC TOOTHBR TOOTHCO
AR IBRACK 1.0000 .89s3 . 5457 -.3797 -. 6457 -.2651
¢ 2 ¢ 23) ¢ 23 « 23 ¢ 23 ¢ 23
P= . P= .000 P= .007? P= .074 P= .001 P= .221
ARISCORE .8053 1.0000 .6124 -.4547 - 6540 ~.3606
< 23> < 23 ¢ 23 ¢ 23 ¢ 23 ¢ 23
P= .000 Pu . p= .002 P= .029 P= .001 P= 091
VENSCORE .5457 6124 1.0000 -.3801 -.5030 -.95035
<« 23> ¢ 233 <« 2B ¢ 23 ¢ 23 ¢ 2
pP= .00? P= .002 = . P= ,07¢ P= .002 P= .04
UVENTHIC -, 3707 -.4347 -.3801 1.0000 . 4951 .2923
¢ 23> ¢ 23 « 23 ¢ 23D 4 230 « 2
P= .074 P= .029 P= 074 P= . P= 016 P= .176
TOOTHBR -.0457 -.6540 ~.6030 .4951 1.0000 -.0035
< 23 < 23 ¢ 230 ¢ 23 < 23 ¢ 23
P= 00! P= .001 P= .002 P= .016 = P= 987
TOOTHCO -.2051 -.3606 -.5035 .2923 ~.0035 1.0000
< 233 ¢ 23 ¢ 2 ¢ 23 < 23> « 23
Ps 221 P= .091 pP= .04 p= . 176 p= 997 P= .
TOOTHUR .6ees . 7343 . 7803 -.5630 -. 7691 -.0361
¢ 23 ¢ I <« 2 ¢ 23 <« 2 ¢« 23
pP= .000 P= .000 P= .000 P= .00% P= .000 P= .001
VENDAM -.2500 -.3421 -.1693 .0000 1221 .2363
¢ 23 <« 23 < 2 « 23 < 2 ¢« 23)
P= .230 P= 110 P= 440 P=1.000 p= .563 P= .278
(Coafficlent / (Cases) / 2-tailed sig)
“ , " is printed it a coefficient cannot be computad
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Deatsl Pulp Appeadix Four



TREATHENT GROUP ‘0°

RRIBRACK

RISCORE

UENSCORE

VENTRIC

TOOTHBR

TOOTHCO

TOOTHUR

TOOTHUR

.6686
¢ 23D
P= .000

.7343
¢ 23)
P= .000

. 7865
« 23
p= .000

-.5630
¢ 23
F= .00

- 70091
¢« 232
pP= .000

-.6361
¢ 23
Pe 001

1.0000
« 23
P= .

-.2456
¢« 23

p= 209

- = Correlation Coefficients

VENDAM

-.2500
¢ 2
P= .250

-.3421
¢« 23
P= . 110

-. 1893
¢ 232
P= .440

.0000
¢ 23
P=1.000
.12
< 232
p= 563
.2363
¢ 23
Pe .278

-.2430
¢ 2
P= .259

1.0000
{ 23

P= .

(Coefficient / (Cases? / 2-tal ied siQ?

" % is printed if a coefficient canot be computed
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TREATHMENT GROUP "ETO(M2”
- - Correlation Coefficients - -

ARIBRRACK ARISCORE  VENSCO%Z  VENTHIC TOOTHBR TOOTHCO

AR!BRACK 1.0000 .8886%* . T735%* .2846 ~-.9208%* - 3735
ARISCORE .88g6%+  1.0000 .7088%k . 1827 -.7480%k - 4350%
VENSCORE L7735%% 7088% * 1.0000 .4709% -, 70010 - 4107*
VENTHIC .2048 . 1827 . 4709% 1.0000 -.3?07? -, 1753
TOOTHBR -.QZ08%* -, 74B0%* - 7991%k -, 3707 1.0000 . 1261
TOOTHCO -.3735 -.4350% -, 4107% -. 1753 . 1261 19000
TOOTHUR . 9434 %& .B232%% . 835654+ .3900 -.gOS0%n  ~ 536 1k
UENDAM .2272 .3213 .3150 .3183 -. 2788 L0851

* _ signif. LE .0S s - Signif. LE .01 (2-tailed?

- . " is printed If a coefficient cannot be computed

TOOQTHVR UVENDRM

ARIBRACK L9434 2272

ARISCORE .82324+ 3219

VENSCORE .8565%* .3150

VENTHIC .3906 .3185

TOOTHBR -.9050%* -.2780

TOOTHCO ~. 530 1%+ .0851

TOUTHUR 1.0000 .2005

VENDAH .2005 1.0000

* - Signif. LE .0S % -~ Signif. LE .01 (2-tailed?
» « is printed i f a coefficient cannot be computed

Moechanical and Electrothermal Debonding: Effect on Ceramic Veneets and Dental Pulp Appendix Four



TREATHMENT GROUP "ETDUOMD’

- - Correlation Coefficients

-

147

ARIBRACK ARISCORE UENSCORE  VENTHIC TOOTHBR TOOTHCO
AR IBRACK 1.0000 .8886 .35 .2840 - 9208 -.3735
¢ 24> ¢ 24 ¢ 24) C 24 ¢ 24 ¢ 24)
P= . P= 000 p= .000 p= . 178 P= .000 P= 072
ARISCORE .8886 1.0000 .7008 . 1827 -.7480 -.4350
¢ 24) < 24> (4 24) < 24> L4 24) < 24)
P= .000 p= . P= .000 P= .303 P= .000 P= .034
VENSCORE .7735 .7088 1.0000 .4700 -.?991 -.4107
C 24) < 28 ¢ 24 ¢ 29 ¢ 24) ¢ 24
P= .000 P= ,000 Pe . P= .020 P= .000 p= .046
VENTHIC .2846 . 1827 .4709 1.0000 -.3707 -. 1753
( 24> ¢ 24> ¢ 24) ¢ 24 ¢ 24> < 24
p= .178 P= ,393 p= .020 P . pP= .075 P= .412
TOOTHBR -.9208 -.2480 -.7991 -.3707 1.0000 . 1261
< 24 ¢ 24> ¢ 24D ¢ 248 ¢ 24 ¢ 24)
p= .000 F= .000 P= .000 Ps .075 P= . p= 557
TOOTHCO -.3733 -.4350 -~.4107 -, 1753 . 1261 1.0000
24> <« 24) « 24 ¢ 24 < 29) ( 24
P= 0?2 P= .034 p= .046 Ps .412 P= .557 P= .
TOOTHVUR .9434 .8232 .8365 .3906 -.9050 -.5361
¢ 24> ¢ 24 « 24 ¢ 24) ¢ 247 « 29
P= 000 P= .000 p= .000 p= 059 P= .000 P= .007
UENDAM .2272 L3218 .3130 L3183 -.2780 .0851
« 24 < 24D ¢« 249 <« 24) ( 24 ¢ 24)
P= ,286 P= . 126 P= .134 P= . 120 p= . 187 pa 692
ccoefficient ¢/ (Cases> / 2-tailed sig?
. " 1s printed if a coafficient cannot be computed
Mechanical and Electrothermai Debonding: Effect on Ceramic Vencers and Deatal Pulp Appendix Four



TREATMENT GHOUP ‘ETOCD’

AR IBRACK
AR ISCORE
VENSCORE
VENTHIC
TOOTHBR
TQOTHCO
TOOTHUR

‘VENDﬂﬂ

TOOTHUR
.g434
¢ 24)
p= .000
.8232
( 24)
P= .000
.8553
4 24)
P= .000
.3900
C 24>
p= 059
-.9030
4 24?
pP= .000
-.5361
< 245
P= .Q07?
1.0000
( 24
P= .
.2003
¢ 24)
P= 347

Correlation Coefflcients - -

VENORM
.2272
¢ 242
p= .280
,3215
¢ 24
p= .126
.3150
¢ 29
P= .134
.3185
24
P= .120
-.27686
¢ 248
pP= . 187
.0851
< 247
Pe= 692
L2009
¢ 24
P= 347
1.0000
« 29
P= .

(Coefficlent / (Cases) / 2-tailed sig)

“ . " Ig printed If a coefficient cannot be computed
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TREATHENT GROUP "ETDCHY’
- - Correlation Coefficients - -

RARIEMACK ARISCORE  UENSCORE VENTHIC TOOTHBR TOOTHCO

AR {BRACK 1.0000 .8880 .7°38 .2646 - 9208 -.373%
¢ 24D ¢ 20 ¢ 24) ¢ 29 ¢ 2 ¢ 249>
P= P= .000 P= .000 p= .178 pP= .000 p= 072
AR ISCORE .8886 1.0000 .7008 . 1827 -.7480 -.4350
¢« 24 < 24 ¢ 24) ¢ 24 < 24 ¢ 247
p= .000 P= . P= .000 P= .303 P= .000 P= .034
VENSCORE 7735 .7088 1.0000 .4700 -.7991 -.4107
¢ 24 ¢ 28 ¢ 28 ¢ 24 ¢« 24 ¢ 24
P= .000 P= ,000 Pz . P= .020 P= .000 P= 046
UENTHIC .2846 .1827 .4709 1.0000 -.3707 -.1753
¢ 24> < 24 ¢ 24) ¢ 24 < 24 < 24
p= .178 P= ,393 p= .020 P2 P= .075 P= 412
TOOTHBR -.9208 -.?7480 -.7991 -.3707 1.0000 . 1261
¢ 24) ¢« 28 < 24 ¢ 24 ¢ 24 ¢ 24
P= ,000 P= .000 P= .000 Pz .075 P= . p= 587
TOOTHCO -.373% -.4350 -.4107 -, 1753 . 1261 1.0000
¢ 24> <« 24) ¢ 24 ¢ 24 < 24 ¢ 24>

pP= 0?2 P= .034 P= .046 P 412 P= .S57 P=
TOOTHUR .9434 .8232 .8365 .3906 -.90%0 -.5361
¢ 24> < 24 ¢« 24 ¢ 24 ¢ 24 < 20
P= ,000 P= .000 p= .000 p= .059 Pz .000 P= 007
UENDAM .2272 .3215 L3150 .318% -.2780 .0851
¢ 24) < 24 ¢ 24> ¢« 24 ¢ 24 ¢ 24
P= ,286 P= . 126 P= .134 Px . 120 pPa . 187 p= 892

<Coafflicient / (Cases> / 2-tailed siQ)

. " is printed if a coafficient cannot be computed
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Operator: CTL

Sample Cc3.0 C4.5 C6.0 L R

1 0.5 0.5 0.5 . 0.5 0.5
2 0.5 0.4 0.4 0.5 0.5
3 0.6 0.5 0.5 0.5 0.5
4 0.6 0.6 0.6 0.5 0.5
5 0.3 03 0.3 0.5 0.5
6 0.7 0.6 0.6 0.6 0.6
7 0.5 0.5 0.5 0.5 0.4
8 0.5 o5 0.5 0.5 0.4
9 0.3 103 0.3 0.3 0.5
10 0.4 0.3 0.3 0.3 0.3
1m |os 0.4 0.4 0.4 0.4
12 0.3 0.4 0.3 0.5 0.5
13 0.5 0.5 0.5 0.5 0.6
14 0.5 0.5 0.5 0.4 0.6
15 0.5 0.5 0.5 o4 0.5
16 0.4 0.4 0.4 0.4 0.6
17 0.5 0.5 0.5 0.5 0.4
18 los 0.4 03 0.4 0.3
19 05 0.5 0.5 0.5 0.5
20 0.5 0.5 0.4 0.3 0.5
Mechanical and Electrothermal Debonding: Effect on Ceramic Veneers and Dental Pulp Appendix One




1. 1925
2. 179.0
3. 1879
4. 183.1
5. 1815

6. 1912
7. 1884
8 171.7
9. 1811
10. 170.3

1. 1877
12. 1875
13. 180.7
14. 173.6
15. 187.0

16. 190.4
17. 185.1
18. 1854
19. 186.0
20. 187.7

21. 185.7
22. 1933
23. 1754
24. 174.6
25. 185.0

26. 185.0
27. 183.3
28. 1844
29. 180.7
30. 180.4

31. 180.1
32. 1844
33. 186.9
34. 189.9
35. 189.2

36.
37.
38.
39.
40.

41.
42,
43.
44,
45.

46.
47.
48.
49,
50.

51.
52.
53.
54.
55.

56.
57.
58.
59.
60.

61.
62.
63.
64.
65.

66.
67.
68.
69.
70.

185.5
179.8
172.4
183.2
177.5

191.0
188.8
187.6
188.5
178.0

178.8
181.8
183.1
186.9
180.0

179.1
185.2
184.9
184.4
179.0

183.0
190.2
180.1
191.2
190.7

182.1
1764
1715
187.6
184.2

181.7
185.5
185.5
178.3
183.6

71.
72.
73.
74.
75.

76.
71.
78.
79.
80.

81.
82.
83.
84.
85.

86.
87.
88.
89.
90.

91.
92.
93.
94.
95.

96.

97.

98.
99.
100.

101.
102.
103.
104.
105.

184.4
179.3
184.3
186.2
185.1

184.7
175.8
181.4
174.5
181.7

177.9
179.8
180.4
183.4
187.0

178.4
178.4
177.7
176.1
180.4

188.8
192.0
183.8
176.2
195.0

175.3
185.5
183.6
180.2
79.8

181.5
177.2
185.9
185.3
184.6

106.
107.
108.
109.
110.

111.
112.
113.
114.
115.

116.

Test #1 (Battery #2 Tip #1 @ 5 sec) 116 trials

183.2
188.2
181.5
187.6
177.6

178.5
183.2
186.1
186.6
195.0

184.4

Average =21246.7/116 = 183.2°C
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For Traatment Group “p"
Brocket score

ARISCORE
Value Label
¢ 172 adwusive laft

> 1/2 odwmsive left
All base covered by

Heon 1.478
ode 1.000
Kurtosis -.218
S E Sxavw 481
Max i num 3.000
Valid cases 23

VENSCORE Venaar score

Value Lobel

RIl of the composi te
Greater thon Y08 con
» 108 but <008 compos
Less than 108 compos

Heon 2.174
Mode 2.000
Kurtosis -.923
S E Skew .68
naxinum 4.000
Vgl ld cosas 23

Higs!ng cases

120

Val id Cum
vaiue Fraquency Percent Percent Parcent
1.0 13 56.% 55.5 6.3
2.0 9 39.1 39.1 935.7
3.0 1 4.3 4.3 100.0
Totel 23 100.0 100.0
stdq err 124 Median 1.000
std dev .893 Uor iance .52
S E Kunt .93% Skeunass . 806
Range 2.000 Minimum 1.000
Sum 34.000
Missing casas 0
vailigs Cum
Ualue Freguency Percent Percent Parcent
1.0 6 26.1 26.1 26.1
2.0 8 4.8 34.8 60.9
3.0 3 34.8 34.8 gs.7?
4.9 1 4.3 4.3 100.0
Total 23 100.0 100.0
Std err . 198 tegian 2.000
Std dav .887 Var i ance .87
S E Kurt .933 SKewness .061
3.000 Minisum 1.000
Sun $0.000

Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp



Uoriable
By Varicble

SOURCE
BETMEEN OROUPS
WITHIN OROUPS
TOTAL

Uoriable
By Usriabla

AULTIPLE RANGE

- - e -~ ONEUWURY

AR! percentoge
Traglrent group

ANRLYS|S OF URARIRNCE

AR 1BRACK

TREATGP

AR |BRRCK
TREATGP

TESY

$CHEFFE PRUCEDURE
RANOES FOR THE 0.030 LEVEL -

4.03

0.r.

Sun OF
SQUARES

35080.24 14

?

3025. 1432

108703 .3866

----- ONEWKAY
RR! parecsntoge
Treatment group

4.03 4.03

THE RANGES RBOVE ARE TABLE RANGES.
THE URLUE ACTUALLY CONPRRED H1TH MERNCJ)-HEANCI) IS..
20. 1130 « RANGE * DSQRTCI/NCID + 1/M(JD)D

(%) DENOTES PAIRS OF GROUPS SIONIFICANTLY DIFFERENT AT THE 0.050 LEVEL

Hean

2?7 1088
4d 1217
48 .56
B0 0e1?

Group

2]
D
ETO(C)
ETDW)

POEE

[V o R Y » ]
wRAC

- - om = W W & -

MERN
SQUARES

116Q3.4138 14
800.0875

F F
RATIO PROB.
.4530 .0000

Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp



TREATMENT GROUP ‘ETOUD'

ARIBRACK
ARISCORE
VENSCORE
VENTHIC
TOOTHBR
TQOTHCO
TOOTHUR

.UEHDRH

TOOTHUR
.9434
24)

pP= .000
.8232

< 24)
p= .000
8565

4 24>
P= .000
.39006

4 24D
p= 059
-.,9080
4 249>
p= .000
-.5361
< 24)>
P= .007
1.0000
(4 245

P=

.20038

< 24)
Ps 347

- - Corrglation Coefficients -~ -

UENORM
.2272
¢ 24
p= .286
3215
¢ 24
pP= . 126
.3150
<« 24
P= 134
.318S
(4 24)
P= .129
-.2786
¢ 24
P= .187
.0851
< 247
p= 692
. 2000
¢ 245
P= .347
1.0000
( 248
P=x .

(Coefficlant / (Cases) / 2-tailed sig)

“ . " lg printed I @ coefficient cannot be conputed
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Operator: CTL v
Sample C3.0 |cas C6.0 L R
21 0.5 0.5 0.5 0.5 0.6
22 0.5 los 0.5 0.4 0.5
|23 0.5 los 0.5 0.5 0.5
2 0.5 05 Jos 0.5 0.5
25 0.5 0.5 0.4 03 0.7
26 0.6 0.6 1os |os 0.6
27 0.5 0.5 0.5 0.4 0.5
28 0.5 0.5 0.5 0.5 0.5
29 0.6 0.5 0.4 0.5 0.5
30 0:6 1os 0.5 0.5 0.5
31 0.6 0.5 0.5 0.5 0.6
32 0.7 0.7 0.6 0.6 0.6
33 0.5 0.5 |06 0.5 0.5
34 0.5 0.5 0.6 0.5 0.5
35 0.6 0.5 0.4 0.5 0.5
36. 0.5 0.5 0.5 0.5 0.5
37 0.5 0.5 0.5 0.5 05
38 05 0.5 0.5 0.5 0.5
39 0.5 0.6 0.5 0.5 0.6
40 0.5 0.5 0.4 0.3 0.5
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp Appendix One
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X1: ETD Temp Test series

Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count:
183.1612 5.1415 4774 26.4346 2.8071 116
Minimum: Maximum: Range: Sum: Sum of Sqr.: # Missing:
170.3 195 24.7 21246.7 3894611.19 |0
ETD Temp Test serles
m 1
1954 o
o0 _§_
185-
°C
1804
175- L
170
165 r
ETD Temp Test series
Appendix Three
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for Treatnent Group 0"

121

VENTHIC  Veneer thickness
Val id Cun
Valiue Label Vaiue Fraguency Parcent Parcent Percent
.3 1 4.3 4.3 43
.4 z 8.? 8.7 13.0
8 16 09.6 69.6 82.6
.6 L | 17.4 17.4 100.0
Total 23 100.0 100.0
flean .%00 Ste err 014 Nedion .S00
Moda .S00 Std dev .085? Vor | GNce .00S
Kurtos s 2.904 S E Kurt .938 Skeuness -.975
S E Skew 481 Range .300 Hinimun . 300
Moximum .800 Sum 11.500
Yol ld cuses 23 nissing coses 0
YOOTHBR ARI Tooth SBR
Valia Cum
Value Labsl value Frequency Parcent Percent Percent
.0 2 8.7 8.7 8.7
15.0 1 4.3 4.3 13.0
33.0 | 4.3 4.3 17.4
40.0 2 8.? 8.7 2.1
50.0 " 47.8 47.8 73.9
¢0.0 1 4.3 4.3 7.3
a6 0 ] 6.3 4.3 82.6
?0.0 pd 8.7 8.7 291.3
80.0 1 4.3 4.3 05.7
90.0 1 4.3 4.3 100.0
Totol 23 100.0 100.0
Mean 48. 43S . Stg err 4,513 Madian S0.000
Mode 30.000 Std dav 21.692 variance 408 . 802
Ku-tosis 1. 122 $ € Kurt .033 Skewress -.083
S E Skev .481 Range €0.000 Hiniwm 000
naxtnum ©0.000 Sum 1114.000
Jalid coses 23 Missing coses 0
Mechanical and Electrothermal Debonding: Effect ca Ceramic Veneers aad Dental Pulp Appendix Four



Uoricble

By Voriable TRERTGP

SOURCE
BETUEEN GROUPS

JUITHIN GROUPS
TOTAL

- W wm e - -

By Variable TREATGP

~-0ONEMWRY

VENSCORE  Veneer score
Traatment group

ANALYS|S OF UARIANCE

MATIPLE RANGE TEST

SCHEFFE P!

0.F.

Q1
o4

suM OF
SQUARES

80.2742
Bo.2627
110.33868

Usnear score
Traataenl group

ROCEDURE
RANGES FOR THE 0.0S0O LEVEL -

4.03

4.03

4.03

THE RANGES ABOVE RARE TABLE RANGES.
THE UALUE ACTUALLY CONMPRRED M) TH MERNCJ)-TERNCI ) IS..
D.8I80 * RANGE * OSQRTCI/NCL) + 1/NCJD)

ONEHRY

- = = W -

TERN
SQURRES

16.7381%

e

- - - = -

- - e ===

[ F
RATIO PROB.

22. 0174 .0000

¢+) DENOTES PRIRS OF GAROUPS §IGNIFICANTLY DIFFERENT AT THE 0.0S0 LEVEL

fean

1.5000
2.1730
<.2083
3.5000

Group

e
8
ETRCC)
ETD(N)

Mechanical and Electrothermal Debonding: Effect on Ccramic Veneers and Dental Pulp
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Operator: CTL

Sample C3.0 C4.5 C6.0 L R
41 0.4 0.5 04 0.5 0.4
42 0.5 0.4 0.5 0.5 0.4
43 0.4 0.5 0.5 0.5 0.5
44 0.5 0.5 0.5 0.4 0.5
45 0.3 0.4 0.5 0.4 0.3
46 0.6 0.7 0.6 0.7 0.7
47 0.6 0.5 0.6 0.5 0.6
48 0.5 0.6 0.6 0.6 0.7
49 0.6 0.7 0.7 0.6 0.7
50 0.6 0.6 0.6 0.5 0.4
51 0.6 0.5 0.5 0.5 0.5
52 0.5 0.5 0.5 0.5 0.5
53 {06 0.6 0.5 0.6 0.7
54 0.5 0.5 0.5 0.6 0.5
55 0.5 0.5 0.5 0.6 0.6
56 . 0.6 0.6 0.5 0.5 0.5
57 0.5 0.5 0.5 0.5 04
58 0.5 0.5 0.5 0.5 0.6
59 0.5 0.5 0.5 0.5 0.5
60 0.7 0.7 0.5 0.5 0.7

Mechanical and Electrothermal Debonding: Effect on Ceramic Veneers and Dents! Pulp Appeadix One




1. 180.4
2. 1916
3. 1929
4. 186.8
5. 189.6

6. 192.0
7. 1844
8. 1839
9. 183.7
10. 182.4

11. 1859
12. 184.2
13. 186.0
14. 190.4
15. 193.6

16. 194.9
17. 182.7
18. 186.8
19. 188.9
20. 1904

21. 184.1
22, 1843
23. 187.6
24. 201.3
25. 178.7

26. 185.1
27. 1919
28. 189.8
29. 179.5
30. 189.1

31. 189.3
32. 1914
33. 190.6
34. 192.5
35. 190.3

36.
37.
38.
39.

41.
42.
43.

45.

47.

49.

51
52.
53.

55.

56.
57.
58.
59.

61.
62.
63.

65.

67.
68.
69.
70.

176.4
182.4
189.3
189.1
174.8

192.8
195.1
187.5
192.4
198.4

181.9
181.9
190.1
185.9
186.8

183.2
183.2
189.8
185.8
186.6

188.1
183.7
197.7
184.6
188.2

179.1
186.1
190.5
181.3
181.3

178.0
177.3
181.8
175.9
178.9

71.
72.
73.
74.
75.

76.
7.
78.
79.
80.

81.
82.
83.

85.

86.
87.
88.
89.

91.
92.
93.

95.

97.
98.

100.

101.
102.
103.
104.
10S.

181.2
180.7
175.6
182.6
183.0

177.8
185.6
172.8
180.2
184.2

k82.1
176.0
184.7
184.3
183.9

188.1
173.4
187.5
175.5
182.5

180.6
185.9
178.1
1824
184.0

182.8
180.3
176.9
1924
181.8

1829
184.4
176.5
177.6
187.0

106.
107.
108.
109.
110.

111.
112
113.
114.
115.

116.
117.
118.
119.
120.

121.
122
123.
124
125.

126.
127.
128.
129.
130.

131.

132.

133.
134,

135.

Test #2 (Battery #1 Tip #1 @ 5 sec) 135 trials

179.2
188.0
188.7
178.9
184.6

188.7
179.6
189.3
193.6
188.3

186.4
186.0
182.1
187.4
187.0

188.7
183.6
188.9
191.9
175.0

180.3
178.7
1824
187.2
179.9

179.2
182.0
186.8
180.1
182.8

Average =24953.5/135 = 184.8
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For Treatment Group

TOOTHCO ARl Tooth 8 CO

nou

122

valid Cun
Volus Label Ualue Frequency Percent Paercent Percent
.0 3 13.0 3.0 13.0
5.0 2 8.7 8.7 21.7
10.0 1 4.3 4.3 26.1
20.0 2 8.7 8.7 3¢.8
25.0 3 13.0 13.0 47.8
30.0 1 4.3 4.3 82.2
33.0 2 8.7 8.7? 0.9
40.0 4 17.4 17. 4 78.3
90.0 S 21.7? 21.7 100.0
Total 23 100.0 100.0
Heon 27.870 S$td err 3.703 Median 30.000
fode $0.000 Sid dwv 12.735¢ Uor i ance 3185.391
Kurtosts -1.203 $ E Kurt 938 Skeuwness -. 302
S E Skew .48 1 Rangs $06.000 nini nus .000
Hoximun 50.000 Sun 641.000
Ualid casss 23 Missing casas o
TOOTHUR ARl Teoth § UR
Vat id Cum
Uolue Labe! Valve Frsquency Percant Percent Percent
.Q ? 30.4 30.4 0.4
2.0 1 4.3 4.3 34.8
10.9 3 13.0 13.0 47.8
20.0 2 8.7 8.7 58.3
2%5.0 2 8.7 8.7 68.2
30.0 3 13.0 13.0 .3
33.0 1 4.3 4.3 82.6
4%.0 1 4.3 4.3 8?.0
?s.0 1 4.3 4.3 91.3
85.0 1 4.3 4.3 9s.7
835.0 1 4.3 4.3 100.0
Tovral 23 100.0 100.0
ttecn 23.806 Std err s$.818 Medion 20.000
Node .000 Std dev 27.903 Var i ance 778. 585
Kurtos s 1.436 S € Kurt .935 Skewness 1.639
S E Skew 481 RAange 95.000 Minimum .000
Hoximum 95.000 Sun $45.000
Uslig cases 23 Nissing cases o
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Deatal Pulp Appendix Four
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Uoriabia TOOTHBR ARl Yooth SBR
8y Voricdble TREATGP Treatnant group

ANALYSIS OF URRIRNCE

suh OF HEAN F F
SOURCE OF. SQURRES SQUARES RATIO PROB.
BETHEEN OROUPS 4 67008 .4448 107967.1112 25.9010 .0000
HITHIN GROUPS 114 ?3798. 1938 647.3826
TOTAL 118 140968.6387
------------ cecwcecNEUARY -~e~ - - mece--—wvee--

Uarioble TOOTHBR AAt Tooth %6R
By Variable TRERTGP Treatmant group

MALTIPLE RAMOE TEST

SCHEFFE PROCEOURE
RANGES FOR THE 0.0S0 LEVEL -

4.43 ¢.43 443 4.43

THE RANGES ADOVE RRE TABLE RRNGES.
THE URLUE ACTUALLY CONPARED WI TH MERNCJ)=MERNCE) 1S. .
12.9910 ® RANGE * DSQRTCIMNCI) + 1/NWID)

¢*> DENOTES PAIRS OF GROUPS SIGNIFICANTLY OIFFERENT AT THE 0.050 LEVEL

CEDEB
T T

~0 3 ~30
- N .
v ~AQ

Meon Geroup

.0000 Control
13.12%0 ETD¢M
0

48 .4348 . s s
$1.72083 ETDCC) s e
€0.2917 -] % »

Mechanical and Electrothermal Debonding: EﬂeaonCalﬁcVemandDeuﬂhlp
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Operator: CTL

Sample C3.0 C45 Cé6.0 L R

61 0.7 0.5 0.5 0.5 0.5
62 0.5 0.5 0.5 0.5 0.5
63 0.4 0.3 0.3 0.3 0.4
64 los 0.5 0.5 0.5 0.5
65 0.5 0.5 0.5 0.5 los
66 0.5 0.5 0.5 0.5 0.5
67 0.5 0.5 0.5 0.5 0.5
68 0.6 0.6 0.6 0.4 0.6
69 0.5 0.5 0.5 0.5 0.5
70 0.4 0.5 0.5 0.4 0.4
7 0.5 0.5 04 |04 0.5
72 0.3 0.3 0.3 03 0.5
73 0.5 o4 0.4 03 0.4
74 0.5 0.5 0.5 0.5 0.4
75 0.5 0.3 0.4 0.2 0.4
76. 0.5 0.4 0.4 0.4 0.4
77 0.2 0.2 0.3 0.2 0.4
78 0.5 0.5 los 0.5 0.5
79 0.5 0.5 0.5 0.5 0.5
80 fos 0.6 0.6 0.5 0.5

Mechasical and Electrothermal Debonding: Effect on Ceramic Veneers and Dental Pulp Appendiz One
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X1: Column 1

Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count:
184.8407 5.441 .4683 29.6041 2.9436 135
Minimum: Maximum: Range: Sum: Sum of Sqr.: __# Missing:
172.8 201.3 28.5 24953.5 4616390.37 |0
Test Two
205 A
°
200+
8
1954 -]
1904 |
°C
185+
180+ I
1751
8
170 T
Column 1
Mechanical and Electrothermal Debonding: Effect on Ceramic Vencers and Dental Pulp Appendix Three




Por Tractment Group 07

123

UENOALY Ugneer Danage
valid Cum
Value Label Ualue Frequency Parcent Percent Percent
1.0 8 34.8 34.9 34.6
2.0 15 65.2 88.2 100.0
Toto! 23 100.0 100.0
Nean 1.852 std err . 102 ttedian 2.000
ftode 2.000 Std dev .487 Uar | ance . 237
Kurtosis ~1.687? S E Kurt 9 Sheuneass -. 004
S E Skaw .481 Range 1.000 Minimun 1.000
foxinum 2.000 Sum 38.000
Volld cases 23 Hissing coses o
Mechanical and Electrothermal Debonding: Effect oo Ceramic Veneers and Dental Pulp Appendix Four



variabla TOOTHCO RfR1 Tootn % CO
By Varlabin TARERTGP Treatment group

ANALYE1S OF URRIANCE

suM OF MEAN
SOURCE D.F. SQURRES SQUARES
PETHEEN GROUPS 4 14673.0000 3668 . 2509
UITHIN GROUPS 1e 33518.9004 204.0026
TOTRL 118 48291.0664
f e e @ m=ew === ONEMRY =~~~ =~

Variable TOOTHCOD ARI Tooth £ CO
By VUoricdle TAEATGP Treatnent group

MULT IPLE RANGE TEST

SCHEFFE PROCEOURE
ARNOES FOR THME 0.05S0 LEVEL -

443 4.43 €43 4.83

THE RANGES RBOVE RRE TABLE RANGES.
THE UALUE RCTUALLY COMPRAED Wi TH MERNCJI-MEANCI) IS..
12. 1430 * RANGE * DSQRTC(I/NCI) ¢ 1/NCI))

S ONMEMRY ===~ -~

F F
RATIO PROB

12.4389 0000

¢*)> DENOTES PRIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.0%50 LEVEL

EO0B

-0 F ~300
w3~ -4m
OO~

Heon Group

0000 Control
9 .5000 groan
17.9983 £
27 .8698
20 .3339 B L)

(=}
LR J
L ]

WMWM Effect on Ceramic Vencers and Dental Pulp













